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THIS STUDY OF ENKLEIA is the second of three revisions treating the 
three genera which comprise the subtribe Linostomatinae of the Thy- 
melaeaceae. It completes the revision of the two Asiatic members, 
Linostoma Wall. ex Endl. and Enkleia Griff., and prepares the way for a 
more enlightened appraisal of the Amazonian genus Lophostoma Meissn. 

The members of the Linostomatinae have been combined taxonomically 
in various ways in the past so that a taxonomic re-evaluation is of primary 
importance. The revision of Linostoma and Enkleia has resulted in the 
reduction of the number of species and the alignment of several taxa with 
Enkleia, rather than with Linostoma. There is little doubt that Lophostoma 
is related to both Linostoma and Enkleia, as is evidenced by the common 
possession of a number of diagnostically important morphological and 
anatomical characteristics. An effort has been made to include, as a sec- 
ondary study, certain anatomical information which may prove to be 
taxonomically significant. The large geographic disjunction that now exists 
between the South American and the Asian genera adds to the fascination 
of the interrelationships to be found among members of the subtribe. 


SPECIAL MORPHOLOGY 


Some of the more interesting morphological features found within the 
genus Enkleia are presented in this section. In addition, a deliberate and 
conscientious attempt has been made to parallel closely the discussion of 
morphological characteristics of Linostoma (Nevling, 1961). This has 
been done to simplify comparisons between the two genera. Additional 
morphological information can be found in the description and in the dis- 
cussion following each species. 

Gross and microscopic structure of the leaf was studied by clearing and 
staining with safranin or with ferric chloride and tannic acid. In addition, 
it was studied from safranin-fast green-stained cross and longitudinal thin 
sections, as was the petiole. This material was tested with phloroglucin and 
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hydrochloric acid, as well as with potassium iodide and sulphuric acid, to 
estimate chemically the degree of lignification of certain tissues. 

The stem and inflorescence axes were studied by means of free-hand 
sections which were stained with either safranin or phloroglucin and hydro- 
chloric acid. This technique was also employed with inflorescences and 
young shoots. 

Flower structure was studied from material that was cleared and stained 
with safranin. In this instance, the study was limited to whole mounts 
and did not include sectioned specimens. The source material was from 
herbarium specimens in all instances, and the details of the techniques 
outlined above can be found in a previous paper. (Nevling, 1961). 


Vegetative Morphology. The vegetative axis is monopodial. Leaf 
position is opposite or subopposite except in extremely vigorous young 
shoots. In slow-growing shoots a cycle composed of an elongate internode 
and an extremely shortened internode accounts for the opposite to sub- 
opposite position, the trace for one leaf departing from the stele prior to 
the initiation of the second trace. In vigorous shoots, all internodes 
undergo similar elongation, thus accounting for the alternate leaf position. 
A single trace per node is formed in all cases, and the resultant gap is 
unilacunar. 

Unequal bifurcations and trifurcations of the shoot are not unusual in 
Enkleia but do not occur with the frequency found in Linostoma. They 
are induced more generally by damage to the terminal bud which allows 
the development of subtending axillary buds in a haphazard manner, but, 
in some cases, the trichotomies occur without apical damage (see Put 2305 
and the flowering sheet of Van Royen 3592). In the Van Royen collection 
the opposite axillary branches are gracefully curved (not recurved) and 
the subtending leaves are borne a considerable distance above the point 
of external branching. The lowest leaf on these branches is unpaired and 
is the displaced leaf of the subtending node; the trace for this leaf has its 
origin below the point of external branching. It seems that the leaf is 
borne upon the axillary branch which it subtends. In reference to the 
“misplaced” leaf one should not expect to find a bud in its axil, but an 
axillary bud is almost invariably present. It is impossible to account for 
this unless it is a supernumerary bud. 

In several specimens of Enkleia malaccensis (Toroes 4099 and Ridley 
6427) development of multiple axillary buds has occurred. In the Toroes 
specimen two axillary branches develop from the axil of a single leaf and 
are positioned one above the other. A specimen of E. siamensis ssp. sia- 
mensis (Kerr 16136) has the terminal bud injured, and supernumerary 
axillary buds have developed (three from one leaf axil, two from another). 
In the subgenus Ne/vvira of the genus Daphnopsis supernumerary axillary 
buds are the rule, rather than the exception, and allow the plants to be- 
come cauliflorous. After examining the beautiful photograph of a Phaleria 
in Hou’s treatment of the Thymelaeaceae (1960), I suspect that the same 
phenomenon is acting in that genus. 
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Axillary branches sometimes become gently to strongly uncinate, fa- 
cilitating climbing. Such branches are quite thickened towards the base 
and bear very reduced leaves. The frequency of these modified branches 
varies rather widely, but some generalizations about their occurrence among 
the species may be made. Enkleia thorelii lacks them altogether; in E. 
paniculata and E. siamensis they are found infrequently but may be well 
developed; and in E. malaccensis they are found generally, sometimes very 
well developed (Anta 1713, for example). 

The extraxylary fiber sheath surrounding the stele, by which the family 
is often identified, is well developed in this genus. It becomes well ligni- 
fied after a number of years. In addition, in the pith are found scattered 
fibers which also appear to be well lignified. In general, the fibers and 
xylem of the Enkleia species are lignified to a greater extent than the cor- 
responding structures in Linostoma. 

The leaves are dorsiventral. The upper epidermis is composed of tab- 
ular cells, is unbroken by stomata, and is very poorly cutinized. In 
Enkleia siamensis and E. paniculata the upper epidermis is a single cell 
thick, with the periclinal walls much thicker than the anticlinal walls. 
There is a possibility that these differentially thickened cells may be slime 
cells. A single epidermal layer is found also in E. malaccensis, but the cell 
walls are not differentially thickened. Enkleia thorelii is unusual because 
the epidermis is one or two cells thick, varying irregularly with neither 
number predominant. When double, the two cells occupy the same volume 
as that occupied by the single cell components. The palisade tissue is com- 
posed of compact columnar cells and is two or three cells thick, except in 
E. paniculata in which it is only one or two cells thick. In all species, the 
palisade cells are smaller in diameter than the cells of the upper epidermis. 
A spongy parenchyma layer underlies the palisade and is composed of 
loosely knit branched cells interspersed with many large air spaces. This 
layer is developed to the fullest in EH. paniculata in which it occupies fully 
three-quarters of the entire depth of the leaf. The lower epidermis is com- 
posed of cells smaller than those of the upper epidermis, and, in addition, 
it is interruoted frequently by stomata. In E. siamensis, E. paniculata and 
E. malaccensis it is uniseriate, the individual cells with the outer periclinal 
wall slightly bullate. The periclinal cell walls are differentially thickened 
in E. siamensis and E. paniculata but not in E. malaccensis. As might be 
expected, the lower epidermis in E. thoreli occasionally is double, and the 
individual cells are short-columnar with conspicuously bullate outer peri- 
clinal walls. 

The stomata of all species of this genus are of the pit-type previously 
described for Linostoma decandrum (Roxb.) Wall. ex Endl. These 
stomata, when examined microscopically in cleared material stained with 
ferric chloride, resemble in face view many small doughnuts scattered on 
the lower leaf surface. A slight shift in focus is necessary to observe the 
guard cells. As in L. decandrum, a rosette of accessory cells surrounds 
each stoma, the number being rather variable (generally eight, nine, or 
ten, but as few as six and as many as thirteen). Each accessory cell is 
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somewhat awl-shaped and extends beyond and slightly over the guard 
cells, forming an urceolate or campanulate structure. Occasionally an ace 
cessory cell can be found being shared by two adjoining stomata. ihe 
guard cells are borne at the base of the accessory cells and are situated at 
most only slightly above the lower epidermis. Differences in the structure 
of the stomata can be found among the species (Fics. 1-5), but the amount 
of variation has not been determined, so their taxonomic worth cannot be 
evaluated. 


FY Pave 
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Fics. 1-5. Cross sections of lower leaf epidermis of species of Enkleia in- 
cluding the stomatal apparatus. Guard cells (borne above the lower epidermis) 
are shown in cross section while the accessory cells (projecting below the lower 
epidermis) are shown in longitudinal section. Mesophyll and other leaf tissues 
are not illustrated. Note variation in the differentially thickened walls of 
epidermal cells. 1, E. thorelii (Kerr 19930); 2, E. paniculata (Van Royen 3592); 
3, E. malaccensis (Kostermans 7034); 4, E. siamensis ssp. siamensis (Poilane 
14229); 5, E. siamensis ssp. andamanica (Parkinson 384). 


The pinnate venation is similar throughout the genus. The primary 
lateral veins number from nine to thirty-five per leaf. They are separated 
by a distance of several millimeters to a centimeter and a half (the dis- 
tance between major veins appearing to be determined by leaf size). These 
veins are somewhat arcuate-ascending and end in a variously developed 
submarginal vein. Each vein is supported above and below by an extra- 
xylary fiber sheath which is more extensive than the vein. 

The secondary veins are numerous and generally form direct connec- 
tions between adjacent primary veins. In the larger leaves, at least, these 
cross-connecting veins are almost at right angles to the costa. The pat- 
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tern thus formed is quite distinctive (Fics. 6, 8). The secondary veins 
have a fiber sheath associated with them in the same manner as the larger 
veins. The xylem is very poorly lignified, and, in Enkleia malaccensis, I 
could perceive no color reaction when testing with phloroglucin and 
hydrochloric acid. The xylary elements, with the exception of the proto- 
xylem, often have very thickened walls and reduced lumina. This pe- 
culiarity is discussed further in the paragraph on petiole structure. 


Fics. 6-9. Photographs of cleared leaves showing veins and associated fibers 
of two species of Enkleia, XK 3. Fics. 6, 7. E. thorelit (Thorel 2823); 6, with 
transmitted light showing venation pattern; 7, with polarized light showing vena- 
tion pattern as outlined by the associated fibers. Fics. 8, 9, E. malaccensis 
(Griffith 4375); 8, with transmitted light showing venation pattern; 9, with 
polarized light showing venation pattern and fibers not associated with the vena- 
tion. 


The extraxylary fibers accompanying the veins have very thick sec- 
ondary walls. In prepared material, the secondary wall is usually pulled 
away from the thin primary wall. Concentric lamellations appear to be 
present in the secondary walls but should be studied further. The sec- 
ondary walls react quite strongly with potassium iodide and sulphuric acid 
but give no reaction with phloroglucin and hydrochloric acid, thus indi- 
cating their cellulosic nature. These fibers, which appear superficially 
similar to the primary phloem fibers of Cannabis figured by Esau (PI. 
24 A), are intimately associated only with the veins in Enkleia thorelii 
(Fic. 7) and £. siamensis ssp. siamensis. In E. siamensis ssp. andamanica 
and E. paniculata a few of the fibers wander from the vein and intrude 
into adjacent tissues. The wandering of fibers reaches its zenith in E. 
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malaccensis where they are found in great profusion (Fic. 9). They ap- 
parently grow apically, often striking out vertically until reaching the 
upper or lower epidermis and then running horizontally. They can be ob- 
served readily in leaf sections and appear to be similar to the fibers de- 
scribed by Thoday (1921) in the African Passerina filiformis L. Near the 
veinlet endings in E. thorelii and E. siamensis ssp. siamensis the fibers are 
replaced by irregularly shaped sclereids. Sclereids also are found asso- 
ciated with the vein endings in E. siamensis ssp. andamanica and E. pani- 
culata but are not as reduced as in the preceding two species. The situa- 
tion in E. malaccensis could not be determined because of the too numerous 
wandering fibers. ; 

Cross sections of the petiole were studied to check information given 
by Metcalfe and Chalk (1950) indicating the presence of intraxylary 
phloem in petioles of Enkleia. In all species of the genus the xylem, at 
midpetiole, is arc shaped. The arc often has strongly recurved ends and 
appears somewhat involute. The tracheary elements, except for the 
protoxylem but including the parenchyma, have curiously thickened walls 
and very reduced lumina. When stained with safranin and fast green, only 
the middle lamella appears to stain well with safranin but the entire wall 
can be weakly stained with phloroglucin and hydrochloric acid. No color 
reaction is formed with potassium iodide and sulphuric acid, probably 
indicating very weak lignification of the wall. Visually the walls appear 
to be rather similar to those of the extraxylary fibers. The greatest degree 
of thickening has taken place in E. thorelii. Phloem is found on both sides 
of the arc, confirming the statement of Metcalfe and Chalk, but the taxo- 
nomic significance of this is doubtful. Few to many scattered extraxylary 
fibers are found surrounding the trace, but the fibers are not nearly as 
prevalent as in the stem and leaf. The fibers have thick nonlignified 
cellulose walls. 


Reproductive Morphology. The same terminology which I applied 
to the inflorescence in previous papers concerning the Thymelaeaceae 
(1959, 1961) is used here. The inflorescence is composed of the primary 
peduncle with a pair of bracts, a bracteole, a rachis, the secondary pedun- 
cles, and the flowers with their pedicels. 

The floriferous branches of Enkleia are composed of many inflorescences 
which collectively appear to form a single, large, terminal inflorescence. 
The species of Enkleia (with the exception of E. malaccensis) bear their 
inflorescences in an axillary position on the terminal portions of young 
shoots. Each axillary inflorescence is simple, with the individual members 
cymosely arranged, i.e., opposite, except in very vigorous plants in which 
they become alternate by elongation of the internodes. 

The floriferous shoots of Enkleia malaccensis are characterized by the 
development of several to many axillary branches which bear the indi- 
vidual inflorescences. The floriferous branches thus appear to be pani- 
culiform. A few specimens of E. siamensis subsp. siamensis, such as 
Poilane 14229, also branch in this manner. 
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The reduced leaves subtending the axillary inflorescences are borne on 
the primary peduncle which they subtend; the trace initiation is, of course, 
below the point of external branching. Occasionally, this displacement is 
quite striking, as in Zippelius 148a. On one of the flowering shoots of this 
specimen the reduced leaves have been “carried out” onto the axillary 
shoots for about eight millimeters. The mechanics and meaning of this 
displacement are not entirely clear. It is interesting that the separation 
layer of the petiole appears to be forming at the point where the petiole 
and axillary branch fork. The entire pattern is essentially the same as 
that found in Linostoma. 

Vegetative growth is resumed by the development of dormant axillary 
buds subtending the floriferous region of the shoot. The old inflorescences 
die shortly after fruiting and are soon broken off. 

A single bracteole is borne at the apex of the primary peduncle. It is 
linear, to 8 mm. in length, and almost invariably persistent in fruit. 

In addition to the bracteole, the primary peduncle bears a pair of 
bracts. In this genus the bracts are small and very strongly keeled until 
anthesis. At anthesis they are opposite or subopposite and are borne near 
or below the middle of the primary peduncle (Enkleia paniculata and E. 
siamensis ssp. siamensis), below the middle of the primary peduncle (E. 
malaccensis and E. thorelii), or above the middle of the primary peduncle 
(E. siamensis ssp. andamanica). Subsequently, they rapidly expand and 
become plane. A change in orientation generally accompanies the expan- 
sion, for the bracts are suberect prior to anthesis and then become de- 
flexed, sometimes strongly so, in fruit. In addition, their position on the 
primary peduncle is radically shifted sometimes because of differential 
elongation of the axis. Elongation, during fruit maturation, takes place 
in all taxa except E. siamensis ssp. siamensis and is in striking contrast to 
the situation in Linostoma in which elongation is negligible. The function 
of the bracts is still an open question, as I suggested previously (1961), 
although Ridley (1930, p. 93) says, “When ripe the fruit on its peduncle, 
with the 2 bract leaves attached, separates from the plant and, rotating 
rapidly, drifts away in the wind across the forest to some distance, very 
much in the same way as the fruit of a Lime tree does.” As in Linostoma, 
the separation layer occurs between the secondary peduncle and pedicel 
so that the chances of the drupe separating with the primary peduncle 
and its bracts seem slim. 

Mature bracts are elliptic to obovate in shape and are quite unlike the 
foliage leaves. In addition to shape, the bracts are dissimilar in other 
respects, namely, smaller size, lighter color, thinner texture, and more 
reticulate venation. The venation pattern is essentially the same as that 
of the leaf (particularly with respect to the orientation of secondary 
veins). The individual veins, however, tend to be larger, giving a more 
thickly veined aspect to the bracts. The submarginal vein is well de- 
veloped in Enkleia siamensis but poorly developed in E. paniculata and 
E. malaccensis (E. thorelii not determined because of insufficient material). 

A study of the anatomical characteristics of the bract, based on cross sec- 
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tions, was not pursued, except in Enkleia malaccensis, because of the dif- 
ficulty in obtaining satisfactory results. The bracts from herbarium speci- 
mens re-expand poorly because of the large number of thin-walled cells. The 
epidermal cells lack the extreme thickening found in the leaves, but the 
stomatal distribution is the same (i.e., on the abaxial surface only). The 
stomatal structure, however, is modified and is discussed below. Since 
extreme crushing and distortion were found in the mesophyll, no observa- 
tions could be made on this tissue. The veins have the usual fibers asso- 
ciated with them. In E. siamensis and E. paniculata the outermost fibers 
of the fiber sheath are modified into shorter sclereids which have one wall 
conspicuously enated as in Linostoma, but in E. malaccensis this does not 
occur. As might be expected the fibers in the bracts of E. malaccensis and 
E. paniculata wander from the veins just as in the leaves of these species. 
The bract petiole is enervated by a single arc-shaped trace with strongly 
inrolled margins. All cells with’ the exception of phloem cells embraced ‘by 
the arc are heavily sclerified. Extraxylary fibers do not appear to be 
present. 

The stomatal structure is superficially dissimilar in leaf and bract. In the 
bract, the numerous accessory ‘cells are fewer in number (generally four 
to eight), and they retain the tabular form which characterizes the sur- 
rounding epidermal cells. Thus, the stoma is not borne within a sub- 
stantial pit. I believe that this indicates the pit-type (as found in leaves 
of all Enkleia species and Linostoma decandrum) to be much more closely 
related to the ranunculaceous type (as in L. persimile and L. pauciflorum) 
than might be expected. It indicates also the need for ontogenetic studies 
of the stomatal differentiation to determine the sequence of divisions in the 
formation of the pit-type. Unfortunately, small leaves from herbarium 
specimens are too difficult to handle because of brittleness and pubescence 
to permit such a study, even if sufficient material was available. 

The flowers are arranged on the rachis in an indeterminate manner (the 
lowermost flower being the first to bloom). The flower clusters are um- 
belliform to subracemiform, depending on the length of the rachis. The 
form of the flower cluster is somewhat static within the species, but it is 
not considered to be a dependable taxonomic character. The number of 
flowers per inflorescence varies from three to sixteen in Enkleia siamensis, 
with the range of variability of other species falling within this number. 

The flowers are bisexual, regular, pentamerous, perigynous and pedi- 
cellate. The terminology applied to the parts is the same as used in my 
previous papers concerning the family (1959, 1961). Further gross mor- 
phological information concerning the flower, beyond that presented in the 
following discussion, may be found in the specific descriptions. 

The calyx tube, as in other members of the family, is composed of the 
fused bases of calyx, corolla, and androecial members. It is tubular in all 
species except Enkleia malaccensis in which it varies to suburceolate. The 
exterior is variously pubescent; the pubescence in all cases is minute. The 
interior is glabrous in all species, except E. malaccensis in which the tube 
interior is completely glabrous, or villous above and glabrous below, or 
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completely villous. The trichomes are exclusively unicellular and un- 
branched. 

The tube is vascularized by ten distinct veins which are marked ex- 
ternally by inconspicuous ridges. Five of the traces are in the antisepalous 
position (median traces) and five are in the alternisepalous position (each 
consisting of a fused pair of traces designated as commissural traces). 
Occasional branching of a main trace occurs, but these branches usually 
reunite with the parent trace. Approximately half way up the tube the 
traces to the alternisepalous stamens depart from the commissural traces 
and shortly thereafter the traces to the antisepalous stamens depart from 
the median traces. In Enkleia siamensis each commissural trace and median 
trace gives rise to two lateral traces slightly above the insertion of the 
alternisepalous stamens. These lateral traces fuse (i.e., one of commissural 
origin with one of median origin) forming an inverted “V” pattern lying 
between the main traces. At the apex of this inverted “V” a trace is 
formed which contributes eventually to the vascularization of the calyx 
lobes. The commissural traces then dichotomize giving rise to the two 
lateral calyx lobe traces, and the median traces continue undivided as the 
calyx lobe median traces. In E. thorelii and E. paniculata a minor de- 
viation from this pattern is found. The median trace gives off a pair of 
lateral traces in the same position and manner as in E. siamensis, but the 
corresponding lateral traces from the commissural traces are not formed. 
The laterals (from the median trace only) thus do not form the inverted 
“V” pattern but fuse directly with the commissural traces. This pattern 
appears similar to that demonstrated by Heinig (1951, Fig. 56) in Pimelea 
prostrata, except that in Enkleia the commissural traces are fully de- 
veloped for the entire length of the tube. 

The size and shape of the five calyx lobes vary insignificantly among the 
species. The lobes are vascularized by three or five main veins which send 
off numerous branches which anastomose repeatedly. As in Linostoma, 
the aestivation of the lobes is quincuncial. 

The petals are inserted at the orifice of the calyx tube in an alterni- 
sepalous position and are erect and glabrous in all species. They are di- 
vided medially either completely or incompletely. The median division is 
incomplete in Enkleia paniculata and E. malaccensis but complete in E. 
siamensis, and E. thorelii. The shape of the lobes is ensiform (EF. pani- 
culata), linguiform (£. malaccensis), or liguliforn (£. siamensis and E. 
thoreli) . 

The petals can be interpreted in two conflicting ways depending on the 
supposed origin of these structures. Heinig supports the hypothesis that 
the structures are stipular in nature (see her 1951 publication for com- 
prehensive discussion), while I support a petalaceous origin (1960, 1961). 
It is, admittedly, easier to explain the various types found within the 
family on the basis of her hypothesis but I feel that an attempt to gain 
information in support of the other view must be made. I interpret the in- 
complete division of the lobes as primitive and the complete division of the 
lobes as advanced (Heinig’s position would be quite the opposite). 
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Only the petals of Enkleia thorelii have any hint of vascularization. I 
found one petal lobe which was vascularized for about one-third its length, 
the vascularization consisting of a single trace at most three tracheids in 
diameter and with a few accompanying fibers. Several other lobes bore 
a few fibers in the position that vascularization would be expected. I in- 
terpret the presence of these fibers as indicating ‘a degeneration of a 
previously existing vascular system. The vascular supply of the single 
lobe and the fibers of several additional lobes appear to arise from the 
lateral calyx lobe trace. 

The androecium consists of ten stamens inserted on the calyx tube. 
They are in two whorls, the upper whorl in the antisepalous position and 
the lower whorl in the alternisepalous position. The traces which supply 
the stamens reflect the external position of the stamens in that they also 
depart from their parent traces in two distinct whorls. 

The filaments are short (to 1 mm. long), stout, and slightly inflated 
just below the anther. They are glabrous except in some specimens of 
Enkleia paniculata in which a few trichomes may be present at the base 
of the anther. Vascularization is by a single bundle which either ends at 
the base of the connective (EF. siamensis and E. malaccensis) or extends to 
the very distal portion of the connective (E. paniculata and E. thoreli). 

The antisepalous anthers are exserted or subexserted, except in Enkleza 
siamensis ssp. andamanica where they are included. Alternisepalous 
anthers are included except in E. paniculata in which they are subexserted. 
They are 4-lobed and 4-loculed in cross section. Dehiscence is longi- 
tudinal. There is some basal inflation of the connective but not nearly so 
pronounced as in Linostoma. The connective is minutely produced beyond 
the pollen sacs and, on the basis of cell shape and size, may be glandular 
in function. 

The pollen of the four species is, for all practical purposes, uniform. It 
is polyporate and highly sculptured. It cannot be distinguished from the 
pollen of Linostoma. 

The disc is borne at the base of the calyx tube. It consists of minute 
free lobes in Enkleia stamensis and E. thorelii, while in E. paniculata it is 
basally adnate to the calyx tube. No vascularization is present. The 
disc in E. malaccensis is completely adnate and amounts to only a few 
additional cells in the thickness of the calyx tube wall. It is regularly 
lobed with the apex of each lobe coinciding with one of the main veins 
of the tube. 

The gynoecium is composed of a single pistil, presumably of the 
pseudomonomeric type. It is sessile or nearly so. I have found it im- 
possible to clear the gynoecium satisfactorily, even when placed in clearing 
agents for greatly extended periods of time, so that vascular patterns 
could not be established. 

The style is borne terminally on the ovary. It is filiform, glabrous, and 
sometimes variable in length. Style length in comparison to ovary length 
has been used in the past as a character to separate Enkleia and Lino- 
stoma. An evaluation of this character is made in the discussion of E. 
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stamensis. The stigma is subcapitate in E. paniculata and E. siamensis but 
clavate in E. malaccensis and E. thorelii. 

As in Linostoma, the drupes of Enkleia are preserved poorly and I do 
not feel that I can comment upon them. The calyx tube is persistent but 
not accrescent. It is longitudinally ruptured by the developing drupe in 
E. malaccensis but transversely ruptured in E. paniculata and E. siamensis 
(see also discussion following E. paniculata). The fruit of E. thorelii is 
unknown at this writing. 


Distribution of the species of Enkleia: squares, E. paniculata; circles, E. 
malaccensis; large solid dots, E. siamensis ssp. siamensis; small solid dot, E. 
Siamensis ssp. andamanica; stars, E. thoreli. 


GEOGRAPHY 


The four species of Enkleia have a composite range extending from 
Burma, Thailand, and Cambodia, on the north, through the Malay Pen- 
insula, Andaman Islands, and Sumatra to Bangka, on the south, eastward 
through Borneo to western New Guinea and the Philippine island of 
Luzon. The distribution is strongly correlated with specific delimitation 
with the exception of EL. paniculata. The disjunct distribution of the latter 
species (Luzon and western New Guinea) is puzzling indeed, but the 
species is represented so poorly in herbaria that additional collections may 
show this disjunction to be an artifact. 

The distribution of each species is shown on the accompanying map. 
The symbols indicate place of collection only and are in no way indicative 
of the relative frequency of the plants. 
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MATERIALS 


This revision is based on specimens from the following herbaria, the 
abbreviations for which are taken from Lanjouw & Stafleu’s /ndex Her- 
bariorum, Part I, Ed. 4 (Regnum Vegetabile, 15. 1959). 


A Arnold Arboretum of Harvard University, Cambridge 
BM _ British Museum (Natural History), London 

© Botanical Museum and Herbarium, Copenhagen 

pp Forest Research Institute & Colleges, Dehra Dun 

F Chicago Natural History Museum, Chicago 

G Conservatoire et Jardin botaniques, Geneve 

cH Gray Herbarium of Harvard University, Cambridge 
K Herbarium, Royal Botanic Gardens, Kew 

L Rijksherbarium, Leiden 

P Muséum National d’Histoire Naturelle, Paris 

us U.S. National Museum, Smithsonian Institution, Washington 


I wish to take this opportunity to thank the directors and curators of 
the above institutions for allowing me to examine the specimens in their 
care. I also wish to thank, in particular, Drs. C. E. Kobuski, C. E. Wood, 
Jr., and O. T. Solbrig for unfailing interest, constructive advice and tech- 
nical assistance. 


TAXONOMY 


Enkleia Griffith, Calcutta Jour. Nat. Hist. 4: 234. 1844 (Type: E. 
malaccensis Griffith) . 


Linostoma subg. Linostoma Kurz, Jour. As. Soc. Bengal 39(2): 83. 1870, as to 
species cited. 

Macgregorianthus Merrill, Philippine Jour. Sci. 7: 312. 1912 (Type: M. pani- 
culatus Merrill). 


Erect or scandent shrubs or lianas, the axillary branches sometimes 
modified for climbing, the bark containing many fibers. Leaves opposite, 
subopposite, or rarely alternate, simple, pinnately veined, the primary 
lateral veins arcuate, with numerous oblique secondary veins; entire, 
petiolate, estipulate. Inflorescences laxly clustered towards the apex of 
the young shoots, the bracts small and keeled at anthesis, becoming plane 
and much enlarged in fruit, the primary peduncle generally elongating fol- 
lowing anthesis. Flowers bisexual, pentamerous, perigynous; calyx tube 
tubular, nonarticulated, ribbed, variously pubescent; calyx lobes 5, quin- 
cuncial, spreading; petals 5, medially cleft to the base or nearly to the 
base, inserted alternisepalously at the orifice, the lobes ensiform, linguiform 
or liguliform, glabrous; stamens 10, inserted in 2 whorls, the upper whorl 
antisepalous, the lower whorl alternisepalous, the anthers short fila- 
mented, basifixed, longitudinally dehiscent, the connective minutely pro- 
duced beyond the pollen sacs; disc of irregular lobes, minute, free to 
adnate to the calyx tube; gynoecium single, pseudomonomeric, superior, 
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unilocular with a single anatropous ovule, the style terminal, the stigma 
clavate or subcapitate. Fruit drupaceous, the calyx tube variously rup- 
tured by the developing drupe. 


KEY TO THE SPECIES 


a. Leaf surface at most minutely puberulent, often glabrescent beneath, the 
trichomes short, straight, at most suberect; calyx tube becoming spirally 
twisted in the upper half before being transversely ruptured by the developing 
drupe; petals cleft nearly to the base; alternisepalous stamens subexserted. 
ea en ee ee ee ne. een ee ed EE 1. E. paniculata. 

a. Leaf surface tomentulose, velutinous, glabrescent or glabrous beneath, the 
trichomes of medium length, curly or at least curved, suberect to erect; calyx 
tube never twisting before being transversely or longitudinally ruptured by 
the developing drupe; petals cleft to the base or nearly to the base; alter- 
nisepalous stamens included. 

b. Erect shrubs, scramblers or lianas; leaves tomentulose, velutinous, gla- 
brescent or glabrous beneath; inflorescence umbelliform; calyx tube 5-8 
mm. long; ovary densely sericeous. 

c. Primary lateral veins 10-15 pairs per leaf; calyx tube glabrous, par- 
tially or completely villous within, longitudinally ruptured by the de- 
veloping drupe; petals cleft nearly to the base, about 1 mm. long; 
antisepalous stamens exserted; disc completely adnate to the calyx 
TU CRMNy ee ere, ake. CASTS. Bee Se eee © 2. E. malaccensis. 

c. Primary lateral veins 20-35 pairs per leaf; calyx tube glabrous within, 
transversely ruptured by the developing drupe; petals cleft to the 
base, 2-2.5 mm. long; antisepalous stamens included to subexserted; 
Le ee et ae a | een > ee 3. E. siamensis. 

b. Erect shrubs, usually low; leaves glabrous beneath; inflorescence subra- 
cemiform; calyx tube 6-11 mm. long; ovary sparsely sericeous......... 
ee UE a PCS. We SERN ete cs 4. E. thorelit. 


1. Enkleia paniculata (Merrill) Hallier f. Med. Rijksherb. 44: 26. 
1922. 


Macgregorianthus paniculatus Merrill, Philippine Jour. Sci. 7: 312. 1912 
(Type: McGregor B.S. 12360!). 

Enkleia zippeliana Hallier f. Med. Rijksherb. 44: 26. 1922 (TypE: Zippelius 
148a!). 


Climbing shrubs or lianas; young stems minutely ochraceous-velutinous 
and glabrescent, reddish brown, the lenticels conspicuous, horizontally 
elongate. Leaves opposite, subopposite or alternate; leaf blades ovate to 
elliptic or oblong-elliptic, 4-11 cm. long, 2.5—6 cm. broad, acute to obtuse 
at the apex, obtuse at the base, subcoriaceous, minutely and sparsely 
puberulent, often glabrescent, slightly darker above than beneath, the 
costa plane to immersed above, elevated beneath, the primary lateral veins 
9-20 pairs, the submarginal vein coinciding with the margin; petiole terete 
or nearly so, 3-9 mm. long, minutely puberulent or velutinous. Inflor- 
escences borne terminally-on the young stems, usually 15-45 cm. long, 
many nodes involved, minutely velutinous throughout; each inflorescence 
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5—12-flowered, subumbelliform, the primary peduncle 2—3.5 cm. long, en- 
larging to 6 cm. in length with most of the elongation above the insertion 
of the bracts, usually bearing the reduced leaf of the subtending node near 
the base, the rachis 1-2 mm. long, the secondary peduncles to 2 mm. 
long, the bracts at anthesis opposite or subopposite, borne near the middle 
of the primary peduncle or below, keeled, small, minutely velutinous, 
suberect, the bracts in fruit becoming plane, narrowly elliptic, 5—6.5 cm. 
long, blunt at the apex, obtuse to subcordate at the base, membranaceous, 
deflexed, the bracteole borne near the summit of the primary peduncle, 
linear, 2-5 mm. long, persistent. Calyx tube tubular, 5.5—6.5 mm. long, 
1-1.5 mm. in diameter at the orifice, minutely puberulent without, glabrous 
within; calyx lobes ovate, 2—2.5 mm. long, 1—-1.25 mm. broad, minutely 
but densely puberulent within, erect; petals cleft nearly to the base, the 
lobes ensiform or when immature erosely truncate, ca. 1 mm. long, 
glabrous, erect; stamens inserted in two whorls, the antisepalous whorl 
inserted just below the petals, exserted as far as the petal apices, the 
alternisepalous whorl inserted about one anther’s length below the anti- 
sepalous one, subexserted, the anthers oblong, 0.5-1 mm. long, 0.25 mm. 
broad, the filaments 0.25-0.75 mm. long, thick, glabrous or with a few 
minute trichomes near the base of the anther; disc of minute, irregular 
lobes, adnate to the calyx tube; ovary ellipsoid, densely short-sericeous, 
the style terminal, filiform, ca. 2 mm. long, glabrous, the stigma sub- 
capitate, papillose; pedicel 2.5-5.5 mm. long, greatly thickening in fruit. 
Only one fruit per inflorescence developing; calyx tube spirally twisting 
before being ruptured by the developing drupe, torn portions persistent at 
the base; drupe ovoid to ellipsoid, ca. 1.5 cm. long, 1 cm. in diameter, 
sericeous, becoming glabrescent. 


ILLUSTRATION. Thymelaeaceae. Jn: Flora Malesiana I. 6: 1-48, fig. 
10, hi. 1960. 


DISTRIBUTION. Collected only three times, once on Luzon and twice in 
western New Guinea. The McGregor collection from Luzon was found 
“on forested slopes at low or medium altitudes.” This collection was 
made in December when the plant was beginning to flower. The Van 
Royen collection from New Guinea was made in December in flower and 
fruit. Van Royen wrote of the locality, “The area in which the species is 
found consists of elevated limestone cliffs, alternating with brown muddy 
swamps.” ? He says, in addition, “I am quite surprised that my collection 
of this species is only the second one as this species was really common 
where I found it. I had to scale a relatively steep slope covered with an 
open forest of Quercus sp. and Pometia as the dominating trees. This 
Enkleia was climbing on an Artocarpus vrieseanus Miquel, but was found 
climbing also over Paratrophis sp., Cyathocalyx papuanus Diels and over 
both Quercus and Pometia. It is a rather striking species owing to its 
relatively large flowers.” 


* Personal communication. 
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Philippine Islands. Luzon: Calauan, Prov. of Laguna, McGregor B.S. 12360 
(K-lectotype, BM, L, Us). Netherlands New Guinea. Steenkool, road to Tem- 
boeni, km. 1.5, hills east of the road, opposite police barracks, Van Royen 3592 
(L); without locality, Zippelius 148a (t-holotype and isotoypes of E. zip- 
peliana). 


Presumably, the holotype of this species was destroyed with the Phil- 
ippine National Herbarium. As lectotype I choose the specimen of 
McGregor 12360 deposited in the herbarium at Kew. It is the most 
complete specimen of this collection and consists of two immature florif- 
erous branches and a packet containing a nearly mature flower. 

Merrill allied his new genus Macgregorianthus with Wikstroemia, a 
large and wide-ranging genus of the Eastern Hemisphere. He placed it 
near this genus, undoubtedly, because of his familiarity with it rather 
than because of any morphological similarities. There is no question that 
Macgregorianthus (= Enkleia) is not closely related to Wikstroemia, al- 
though they are members of the same subfamily. 

The calyx tube, immediately following anthesis in the New Guinea 
specimens, becomes spirally twisted in the upper half. It twists, up to a 
half dozen times, quite tightly before being ruptured by the developing 
drupe. The twist is invariably counter clockwise. The significance of this 
peculiar behavior has not been ascertained. 

Enkleia paniculata was first united with E. zippeliana shortly after 
Hallier’s description of the latter species. Hou recently (1960) pointed 
out that the distinguishing features mentioned by Hallier in the original 
description of EF. zippeliana are of little taxonomic consequence. These 
features include leaf pubescence, pubescence color and prominence of leaf 
venation. 

There is, however, a discrepancy in one major floral character which 
requires explanation. The flowers of the New Guinea specimens collected 
by Zippelius and Van Royen have petal lobes which are ensiform, whereas, 
the McGregor collection consisting of immature flowers has petal lobes 
which are broadly squamelliform with the apices erosely truncate. The 
petals have not fully developed in the McGregor specimens. Fortunately, 
the superb Van Royen collection consisting of flowering and fruiting ma- 
terial is available so that immature flowers can be compared with those 
of the Luzon collection. In buds of comparable size to those of the Mc- 
Gregor collection, the petal lobes have already undergone major elongation 
and they have assumed the mature form, but in somewhat younger buds 
the erosely truncated petal apices so characteristic of the Luzon collection 
can be observed. 

Cleared leaves of the New Guinea specimens have a remarkable number 
of druse-like crystals which can be observed readily under low magnifica- 
tion. The leaf specimen of McGregor 12360 which I cleared was ab- 
solutely devoid of crystals. The applicability of this character is very 
doubtful as crystal formation may be due to the physiological state of 
the plant at the time of collection and not directly genetically controlled. 
Indeed, in Enkleia malaccensis crystals can be found in the leaves of most 
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of the specimens but are entirely lacking in others, Griffith 4375, for ex- 
ample. Since all of the leaves were handled in a similar manner there is 
little chance that crystal formation was induced by the clearing process 
in some instances and not in others. 


2. Enkleia malaccensis Griffith, Calcutta Jour. Nat. Hist. 4: 234. 1844 
(Type: Griffith ?). 


Lasiosiphon scandens Endl. Gen. Suppl. 4(2): 67. 1847, based on Enckleia 
[Enkleia| malaccensis Griffith. 

Enkleia malayana Griffith, Notul. As. 4: 363. 1854. 

Linostoma scandens (Endl.) Kurz, Jour. As. Soc. Bengal 39(2) : 83. 1870. 

Enkleia riouwensis Hallier f. Med. Rijksherb. 44: 25. 1922 (Type: Teysmann 
s.m.!). 

Enkleia coriacea Hallier f. Ibid. (Type: Hallier B.2264!). 


Climber; young stems terete, densely golden-brown velutinous, gradually 
glabrescent and conspicuously lenticellate, reddish brown; axillary 
branches often strongly recurved uncinate, thickening at the base with 
age. Leaves subopposite, the blade ovate to elliptic (sometimes broadly 
so), 3.5-14(-15) cm. long, 2—7(—10) cm. broad, acute to obtuse or emar- 
ginate or rarely short-acuminate at the apex, cuneate to obtuse at the base, 
coriaceous, both surfaces golden-brown velutinous and glabrescent, the 
trichomes slightly curved, the costa immersed above, elevated beneath; the 
primary lateral veins 10-15 pairs, the submarginal vein coinciding with 
the margin, conspicuously thickened; petiole terete, densely puberulent al- 
though somewhat glabrescent in very old leaves, 6-10(—12) mm. long. 
Inflorescences borne terminally on the young shoots, involving several 
nodes, generally compound and forming a paniculate structure often 15 
cm. long but sometimes to 30 cm. in length, golden-velutinous throughout; 
each inflorescence 3—9-flowered, umbelliform, the primary peduncle 3-5 
cm. long, enlarging to 9 cm. in fruit with most of the elongation above the 
insertion of the bracts, usually bearing the very reduced leat of the sub- 
tending node near the base, the rachis to 2 mm. long but sometimes 
elongating in fruit, the secondary peduncles obsolete to 2 mm. long, the 
bracts at anthesis subopposite, borne slightly below the middle of the 
primary peduncle, keeled, 3-5 mm. long, golden-brown velutinous, erect, 
the bracts in fruit becoming plane, elliptic to obovate 4—7 cm. long, 1—2.5 
cm. broad, obtuse at the apex, subtruncate at the base, puberulent, con- 
spicuously veined, strongly deflexed, the bracteole borne at the summit of 
the primary peduncle. linear, 1-3 mm. long, often persistent. Calyx tube 
tubular to suburceolate, 5--6 mm. long, green to yellow and densely golden- 
brown velutinous without, glabrous, villous above and glabrous below or 
completely villous within; calyx lobes more or less oblong but obtuse at 
the apex, 1-2 mm. long, 0.75 mm. broad, erect, white puberulent within; 
petals clett almost to the base, the lobes somewhat linguiform, ca. 1 mm. 
long. somewhat carnose, glabrous, exserted; stamens inserted in two 
whoris, the antisepalous stamens inserted just below the petals, exserted 
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but not as far as the petals, the alternisepalous stamens inserted one to 
two anther-lengths below the antisepalous whorl, included, the anthers 
oblong, 0.5-1 mm. long, 0.25-0.5 mm. broad, the filaments obsolete to 
0.5 mm. long, slightly inflated just below the anthers, glabrous; disc com- 
pletely adnate to the calyx tube, ca. 0.5 mm. tall, somewhat fleshy; 
stigma included, clavate, papillose; style filiform, 0.5-1 mm. long, the 
ovary fusiform, ca. 2 mm. long, densely short-sericeous; pedicel 1-3 mm. 
long. Usually only one or rarely two fruits per inflorescence developing; 
calyx tube persistent, usually longitudinally ruptured and persistent at the 
base of the drupe; drupe ovoid, 10-15 mm. long, 6-8 mm. in diameter, 
glabrescent but usually puberulent at least at the apex, prominently 
ribbed; pedicel thickening in fruit. 


ILLusTRATIONS. Ridley, H. N., Dispersal of plants throughout the world. 
tab. 6, fig. 13, L. Reeve & Co., Ltd., 1930; Thymelaeaceae. Jn: Flora 
Malesiana I. 6: 1-48. fig. 10, a-g. 1960. 


DISTRIBUTION. Primary forest in Malaya, south to Sumatra and 
Bangka, east to North Borneo. All specimens which I have seen indicate 
that this species is never found above 50 meters altitude. It has been col- 
lected flowering in April, September and October; fruiting in April, May, 
August and September. Merrill (1929, p. 212) says, “A woody vine 
forming tangled masses in forests, the stems a few inches in diameter.” 
Keith reports that the bast fibers can be used for tying purposes, and 
Burkill (1935, p. 925) says that it yields an inferior aromatic wood. 


Malaya. Matacca: Malacca, Griffith “1845” (x). Locatiry UNCERTAIN: 
Sungei Hudacely, Ridley 1764 (sm); Griffith E.I.C. 4375 (GH, K). Singapore. 
Buket Temah, Ridley 6427 (pm); Garden Jungle, Ridley 5565 (8m); south side 
of MacRitchie Reservoir, Sinclair SFN 40694 (x); Maingay 1308/2 (8M, GH, 
K, L); without collector (possibly Maingay?) 1256 “Sept. 1867” (Gc). Indonesia. 
Sumatra: Laboehan Batoe; Dist. Kota Pinang, Si Mandi Angin (on the Soengei 
Kanan), Toroes 4099 (a). BrtnTaN: Tandjung-Pinang, Teysmann sn. (1- 
holotype and isotoype of Enkleia riouwensis). BANGKA: G. Maroe, Anta 1373 
(a). Borneo: Tandjong Bangko region, near mouth of Mahakam river, Koster- 
mans 7034 (L); Loa Djanan, west of Samarinda, Kostermans 6672 (L); Pleihari 
[Pelaihari], V.J.F.S. bb. 19256 (A, L); zwischen dem Sungai Djéméla und dem 
Ginting K(e)lamm, Hallier B.2264 (x-holotype and isotype of Enkleia coriacea). 
British North Borneo. East Coast: Selangan, F.R., Semporna, Keith N.B.F. 
D.N. 9234 (K, L); Tawao [Tawau], Elphinstone Province, Elmer 20834 (BM, 


CD): 


It appears that a type specimen has never been selected for this species, 
although I have seen several specimens which have been considered by 
others to be type material. This species was described by Griffith (1844) 
in an article entitled, “(On some remarkable Plants in the H. C. Botanic 
Gardens, Calcutta.” However, immediately preceding the description of 
Enkleia (p. 234) he says, “The other plants of this family that I have 
met with on the N. E. frontier and Straits of Malacca, localities that, how- 
ever distant, present remarkable affinities in vegetable forms, are-.” 
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Enkleia malaccensis is the last of nine species in a list and it is marked 
clearly from “Malacca.’”’ The actual description is contained in an exten- 
sive footnote in which no specimen was selected as a type. Thus, it would 
seem that a selection of a type would be restricted to specimens collected 
by Griffith (or one of his collectors) in Malacca prior to 1844 but, as I 
intend to show, the selection of a type is relatively complicated. 

Griffith first set foot in Malacca in August, 1841 (see Van Steenis- 
Kruseman, pp. 201, 202. 1950), and served as a civil surgeon until mid- 
1842. During this period he made collections and trained native collectors. 
In August of 1842 (see Griffith 1847, introductory notes) he left to as- 
sume the directorship of the Botanic Gardens in Calcutta, a post which 
he occupied until December, 1844. In January of 1845 he returned to 
Malacca. Of no little consequence is that during his directorship at Cal- 
cutta he remained in contact with his native collectors in Malacca and 
they sent him a steady stream of dried specimens, seeds, and living plants. 
The living plants were grown in the gardens (see Griffith, 1847, Extract of 
Letters). 

One would assume from the title of Griffith’s paper that the plants which 
he intends to discuss are growing in the botanic garden until he adds the 
qualification that he has met some of them elsewhere. In the case of the 
locality of this particular species I believe that it can be interpreted in 
two ways: one, the description is based on a plant which he collected in 
Malacca between August, 1841, and August, 1842; or two, the description 
is based upon a specimen growing in the botanic garden which was sent 
from Malacca by his collectors, but which may have been a plant with 
which he had familiarity prior to leaving Malacca. If the description is 
based upon one of his Malaccan collections there is a possibility that the 
specimen did not go through his normal channels of distribution, for, in 
a letter to R. Wight, postmarked Malacca, April 15, 1842 (Griffith 2: 
xxvil) he says, “I intend adopting an entirely new system of tactics, and 
when I pounce on any thing interesting, to keep it until it is in print.” 
On the other hand, if the description is based upon a living specimen 
there is the distinct possibility that no herbarium specimen was made. 
As an example, in the same letter quoted above, he says, of three new 
genera, “which I suppose no body will adopt at home without specimens.” 

I have seen three specimens which have been considered to be authentic 
collections. Two of these are deposited at Kew. The one bears the stamp 
of “Herbarium Hookerianum, 1867,’ and in longhand is written, ‘“Ma- 
lacca, Griffith, 1845. Enkleia Malaccensis Griffith;” the other bears the 
same stamp of Hocker, plus the printed label of the East India Company 
with the identification number 4375 (see Hooker, 1865), and is identi- 
fied as “Lasiosiphon scandens, Endl.” (a substitute name for Enkleia 
malaccensis), the place of collection is given as ‘““Birma and Malay Pen- 
insula.” In addition, it bears the longhand identification ‘“Enkleia 
Malayana. Gr.” The third sheet, desposited at the Gray Herbarium, bears 
the identical East India Company label and identification as the Kew 
specimens but has no other marks. There is little question that all of 
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these sheets are Griffith collections but the sheet at Kew bearing the date 
1845 is automatically eliminated as authentic type material. The remain- 
ing two sheets cannot be either confirmed or denied as type material. 
Griffith’s description of the new genus is lengthy, well drawn, and easily 
interpreted so that I believe that the choice of a type should be left an 
open matter at this time. 

Enkleia coriacea, on first examination, appears to be a distinct species. 
The aspect of the two Leiden specimens which seem to set them apart 
from others is due to a decidedly reddish cast to the leaves which is coupled 
to an almost complete lack of pubescence. It is surprising how this com- 
bination of characters is so readily noticeable. On very immature leaves 
the characteristic pubescence of E. malaccensis can be observed but the 
trichomes are shorter than usual. It is possible that these two specimens 
show one extreme of the total variation in trichome length of the species. 
The trichomes of other Bornean specimens in general appear to be shorter 
than those of peninsular specimens but none reach the extreme attained in 
Hallier B.2264. It is of interest that these plants were growing in asso- 
ciation with Linostoma pauciflorum Griffith, a species of the genus most 
closely related to Enkleia. 

Enkleia riouwensis was described by Hans Hallier from sterile collec- 
tions of Teysmann from the Riouw island of Bintan. Hou (1960), in his 
treatment of Thymelaeaceae for the Flora Malesiana, relegated this species 
to the synonymy of FE. malaccensis, an action with which I agree. I have 
examined the holotype and an isotype from the Leiden herbarium and 
can find no characteristics to distinguish it from E. malaccensis, except 
a more pronounced undulation of the leaf margin which may be due to the 
method of drying. In the description, Hallier refers to the plants as shrubs 
but I can find no such information on the two specimens which I ex- 
amined, so I regard this character as questionable. 


3. Enkleia siamensis (Kurz) Nevling, comb. nov. 


Linostoma siamense Kurz, Jour. As. Soc. Bengal 39(2): 82. 1870 (Type: 
Teysmann 5986!). 


Erect to scrambling shrubs or large lianas; young stems terete, puber- 
ulent or golden to light-brown velutinous, glabrescent; axillary branches 
usually normal, only rarely becoming uncinate. Leaves opposite, sub- 
opposite or rarely alternate on vigorous young shoots; leaf blade ovate, 
lanceolate, oblong-elliptic, broadly elliptic or rarely orbicular, 4-13 cm. 
long, 2—9 cm. broad, acute, attenuate, or obtuse to truncate and minutely 
mucronulate at the apex, cuneate to obtuse at the base, coriaceous, gla- 
brous or densely to sparsely tomentulose and often glabrescent, the tri- 
chomes curly, the costa immersed above, elevated beneath, the primary 
lateral veins 20-35 pairs, the submarginal vein poorly or well developed, 
coinciding with the margin; petiole scarcely canaliculate, glabrous or 
velutinous, 5-8 mm. long. Inflorescences borne on the modified portions 
of the young shoots, involving several nodes (to as many as 8), the main 
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axis seemingly leafless, to 15(—30) cm. long, minutely golden-velutinous 
throughout; each inflorescence 3—16-flowered, umbelliform, the primary 
peduncle 2.5—5 cm. long, sometimes elongating to 9 cm. in fruit, with the 
reduced leaf of the. subtending node near the base, the rachis to 2 mm. 
long, the secondary peduncles to 1 mm. long, the bracts opposite to sub- 
opposite, keeled at anthesis, becoming plane and more or less oblong, 2—9 
cm. long, 1—2.5 cm. broad, obtuse at the apex, obtuse to subcordate at 
the base, membranaceous, tomentulose, deflexed, the bracteole borne at 
the summit of the primary peduncle, linear, 1-8 mm. long, often persist- 
ent. Calyx tube tubular, 5-8 mm. long, 1-1.5 mm. in diameter at the ori- 
fice, golden-tomentulose without, glabrous within; calyx lobes spathulate, 
2.5—4.5 mm. long, 1.5—2.5 mm. broad, minutely puberulent within, spread- 
ing; petals cleft to the base, the lobes liguliform, ca. 2.5 mm. long, glabrous, 
fleshy, long-exserted; stamens inserted in two whorls, the antisepalous 
whorl inserted just below the petals to 1 anther-length below, subexserted 
or included, the alternisepalous whorl inserted 2-3 anther-lengths below 
the antisepalous whorl, included, the anthers oblong, 0.5—-1 mm. long, ca. 
0.25 mm. broad, the filaments 0.25-1 mm. long, somewhat inflated, gla- 
brous; disc of minute free lobes, glabrous; ovary ellipsoid, 1—2.5 mm. 
long, densely sericeous, the style of varying length, filiform, glabrous, the 
stigma subcapitate, included to exserted (see discussion); pedicel 3-6.5 
mm. long. Only a single fruit per inflorescence developing; calyx tube 
transversely ruptured but persistent as a short ruffle at the base of the 
drupe; drupe ovoid to almost ellipsoid, 10-18 mm. long, 6-8 mm. in di- 
ameter, puberulent at least at the apex; pedicel thickening in fruit. 


The proper taxonomic treatment of this species and the preceding, 
Enkleia malaccensis, is somewhat perplexing but it has been my decision 
to recognize two species, one with two subspecies. There is little doubt 
that these taxa are derived from common ancestral stock as indicated by 
morphological similarities and present day distribution. Each of the taxa 
is allopatric and the possibility of interbreeding between them seems re- 
mote because of distance alone. 

Enkleia malaccensis is most certainly distinct from E. siamensis ssp. 
stamersis as can be demonstrated with any number of morphological or 
anatomical characters, many of which are apparent to the unaided eye. 
It is with the introduction of specimens from the Andaman Islands 
(originally described as Linostoma andamanica and here treated as E. 
siamensis ssp. andamanica) that difficulties begin. Unfortunately, only 
two collections from the Andamans are available, and this seriously im- 
pairs knowledge of the variability of these plants; but even with these 
few it is possible to see that they combine characteristics of E. malaccensis 
and E. siamensis ssp. siamensis. Further, they entirely lack distinguishing 
characters of their own; otherwise I would recognize three species. Of 
the characters which are combined, the great majority are from E. 
siamensis ssp. siamensis. It is not surprising to find the Andaman plants 
most closely related geographically with those of ssp. siamensis. Char- 
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acteristics of E. malaccensis which are found in ssp. andamanica are habit, 
enlargement of the fruiting peduncle, bract size, and the presence in the 
leaf of some fibers which are not associated with the vasculature. Some 
of the more important features which are shared with ssp. siamensis are 
the large number of primary lateral veins, the degree of clefting of the 
petals, the calyx tube pubescence, the free disc, the mode of fruit de- 
velopment, and the absence of subepidermal fibers. 

The Andaman Island plants may have arisen at a time when the mor- 
phological characteristics which now delimit the species were still in a 
state of flux and not yet geographically segregated, or they may be the 
result of considerable convergent evolution. The former case seems most 
probable because of the lack of distinguishing characters not represented 
in other taxa. Whether E. malaccensis or E. siamensis is primitive or ad- 
vanced, generalized or specialized, cannot be determined, for both have 
elements which I consider primitive and advanced. 


KEY TO THE SUBSPECIES 


a. Leaves densely to sparsely tomentulose, often glabrescent, the submarginal 
vein well developed; primary peduncle to 5 cm. long; bracts at anthesis 
borne near the middle of the primary peduncle or below, 2—4(—5) cm. long, 
1-1.5 cm. broad; calyx tube 6-8 mm. long; antisepalous stamens subex- 
aa G he oe Wel» hee aa el ea 3a. HE. siamensis ssp. siamensis. 

a. Leaves glabrous, the submarginal vein poorly developed; primary peduncle 
to 9 cm. long; bracts at anthesis borne above the middle of the primary 
peduncle, 4-8 cm. long, 1.5-2.5 cm. broad; calyx tube about 5 mm. long; 
antisepalous stamens included. ........ 3b. E. siamensis ssp. andamanica. 


3a. Enkleia siamensis ssp. siamensis 


Linostoma siamense Kurz, Jour. As. Soc. Bengal 39(2): 82. 1870 (Type: 
Teysmann 5986!). 

Linostoma scandens var. cambodianum Lecomte, Not. Syst. Paris 3: 127. 
1915, ‘‘cambodiana” (TypE: Pierre 511!). 


DISTRIBUTION. Open deciduous forest or scrub in Burma, Thailand and 
Cambodia. Collected from 100 to 1200 meters altitude. Flowering in 
January, although buds apparently forming as early as November; fruit- 
ing in January, February and March. 


Burma. Pecu: Pegu Yomak, e. and w. slopes, Kurz 3122 (xk). Thailand. 
CHAIYAPHUM: Chaeyapuin [Chaiyaphum], Kerr 19959 (Bm). CHIANGMAI: 
Lampang Mae Saikham, Wanadorn 1590 (L). CHonBuRI: Kanboerie [Chon- 
buri], Teysmann 5986 (L-isotype of Linostoma siamense), Kerr 10136 (8M), 
10620 (sm). NAkon Puanom: Nawkawn Panom [Nakhon Phanom], Kerr 
8214A (Bo). PHETBURI: Tung Quang, Petchaburi, Kerr 20601 (pm). PRACHUP: 
Kan Kradai, Prachuap, Put 2305 (pm); Hua Hin, Kerr 16136 (pm). Nang 
Rawng (?) Kerr 8214 (BM). Cambodia. In montibus Krewand Prov. Tpong 
[Thpong], Pierre 511°'* (A, BM, G, GH, K, P); in prov. Pett Lover (see discus- 
sion), Pierre 511 (isotypes of Linostoma scandens var. cambodianum: A, BM, F, 
K, L, P); Stung Treng, Poilane 14229 (Pp); without locality, Jullien s.n. (P). 
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In the original description of Linostoma siamense, Kurz gave the place 
of collection as, “Siam, Bookit Kathay near Kanburi.” Attempts to locate 
Bookit Kathay were in vain. Re-examination of the handwritten label 
on the isotype showed the collector’s name and number plus, “Daph- 
noideae. Boekiet Kethaay, Kanboerie, Siam.” Therefore, it appears as 
though Kurz removed the comma following “Kethaay” and inserted the 
word “near.” Teysmann’s account of his travels (1863, p. 201) shows that 
“Boekiet Kethaay” is not the place of collection but the common name! 
The place of collection is Kanboerie (= Bang Pla Soi, Chanburi, Cholburi, 
Chonburi, Jolburi or Kanburi) which Teysmann visited for several days 
toward the end of March, 1862. 

Pierre 511 is a collection consisting of two parts. The first, collected in 
March, 1870, is the more important as it serves as the basis of Lecomte’s 
Linostoma scandens var. cambodianum. In the original description of this 
varietas Lecomte gives the location as “Prov. de Pan Louvea.” Examina- 
tion of the numerous sheets of this collection has added these possibilities: 
Pen Saver, Pei Saver, Pei Sover and Pei Lover. Unfortunately, I have 
not been able to locate, to my satisfaction, the place of collection. I have 
the following possibilities: Kompong Svay (ca. 13° N, 195° E), Prey 
Lovea (ca. 11° N, 105° E) and Lovea (ca. 13° N, 103° E) and therefore 
have not plotted this collection on the map. The second portion of Pierre 
511 was collected June, 1870, “in montibus Krewand prov. Tpong.”’ The 
locality is probably Thpong and I have plotted it so. This portion of the 
collection has been designated as 511 >is, 

The displacement of the reduced leaves borne near the base of the 
primary peduncles has been discussed previously (Nevling, 1961). These 
leaves generally are only several millimeters in length, although in Kerr 
16136 they are fully developed, normal leaves. This evidence helps se- 
cure the hypothesis that these reduced leaves are homologous with the 
leaves of the vegetative shoot. 

Only a very small number of the specimens of this subspecies which I 
examined were in flower. The description and measurements of the flower 
are, of necessity, based on few specimens and further variability should be 
expected. 

The final position of the stigma with respect to the calyx tube orifice 
is dependent upon the amount of elongation of the style. The mechanics 
of stylar elongation in Pimelea has been discussed by Burrows (1960) 
and a similar mechanism is suspected in Linostoma (Nevling, 1961). It is 
almost certainly in operation in this species of Enkleia. The elongation 
ceases at the time of pollination or shortly thereafter, and the length of 
the style thus is determined by the pollination time. In Wanadorn 1590 
two floral dissections by Dr. Ding Hou show one with a very short style 
and the other with an extremely long style. Other collections which I 
have observed have the style of varying length. Unfortunately, the 
length of style has been used as a key character to separate Enkleia from 
Linostoma, and now the character appears to be useless. 
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3b. Enkleia siamensis ssp. andamanica (Hutchinson ex C. E. Parkin- 
son) Nevling, comb. & stat. nov. 


Linostoma andamanicum Hutchinson ex C. E. Parkinson, Fl. Andaman Is. 229. 
1923, “andamanica” (Type: Parkinson 384!). 


According to Parkinson, the plants are found on Baratang and Have- 
lock islands. They are dispersed but very uncommon. They flower and 
fruit during the hot season. The habit is described by Parkinson as “a 
woody climber as thick as a man’s arm and climbing over the tallest trees, 
stems hooked.” 


Andaman Islands. Ali Masfid Reserve, Parkinson 384 (pp-holotype of Lino- 
stoma andamanicum, K); without locality, Parkinson 309 (pp). 


See discussion following specific description above. 


4. Enkleia thorelii (Lecomte) Nevling, comb. nov. 


Linostoma thoreli Lecomte, Not. Syst. Paris 3: 127. 1915 (Type: Thorel 
2823!). 


Erect shrubs to 0.5 m. tall; young stems terete, strigose and glabrescent, 
becoming reddish brown, the axillary branches normal. Leaves suboppo- 
site to alternate; leaf blades elliptic, 2.5-4.5 cm. long, 1-2 cm. broad, obtuse 
and mucronate at the apex, cuneate at the base, coriaceous, glabrous, the 
costa plane above, slightly elevated beneath, the primary lateral veins in- 
conspicuous, ca. 15-20 pairs, the submarginal vein coinciding with the 
margin, conspicuously thickened; petiole nearly terete, glabrous, 1-3 mm. 
long. Inflorescences borne from the young shoots, generally simple; each 
inflorescence 6—12-flowered, subracemiform, the primary peduncle 2—4 cm. 
long, elongating to 6.5 cm., with most of the elongation above the inser- 
tion of the bracts, bearing the reduced leaf of the subtending node near 
the base, the rachis 1-7 mm. long, the secondary peduncles 1-2 mm. long, 
the bracts at anthesis opposite to subopposite, borne below the middle of 
the primary peduncle, keeled to plane, 5-25 mm. long, to 20 mm. broad, 
minutely strigose, the bracteole borne at the summit of the primary pe- 
duncle, linear, to 5 mm. long, minutely strigose, persistent. Calyx tube tub- 
ular, 6-11 mm. long, ca. 1.5 mm. in diameter at the orifice, minutely strigose 
to hirsute without, glabrous within; calyx lobes oblong, ca. 3.5 mm. long, 
1.5 mm. broad, spreading, minutely puberulent within; petals cleft to the 
base, the lobes liguliform, ca. 4.5 mm. long, greatly exserted, erect to 
spreading, glabrous; stamens inserted in two whorls, the antisepalous ones 
inserted about 1 anther-length below the petals, subexserted, the alter- 
nisepalous whorl inserted about 3 anther-lengths below the antisepalous 
whorl, included, the anthers oblong, ca. 1 mm. long, 0.5 mm. broad, the 
filaments thick, 0.25-0.5 mm. long, glabrous; disc of many minute lobes; 
ovary fusiform, ca. 2 mm. long, very sparsely sericeous, the style filiform, 
ca. 1 mm. long, glabrous, the stigma clavate; pedicel 2-3 mm. long. Fruit 


unknown. 
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DistrIBUTION. The Kerr specimen was collected in open scrub at an 
altitude of about 200 meters, flowering in January. Thus far known only 
from Thailand. 


Thailand. Nakon RatcHastmA: Dun Kuntot, Korat, Kerr 19930 (BM). 
Uson: Kemarath [Khemmarat], Thorel 2823 (p-holotype). 


This species is notable for its erect habit, small leaves and large flowers 
with sparsely sericeous ovary. It is unfortunate that it is so poorly rep- 
resented in our herbaria. 
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THE FLORAL MORPHOLOGY AND RELATIONSHIPS 
OF KINGDONIA UNIFLORA 


ADRIANCE S. Foster 


THE BROAD COMPARATIVE STUDIES of Bailey (1) and his associates have 
revealed many examples of the combination of primitive and advanced 
levels of specialization in the vegetative and reproductive structures of 
woody members of the Ranales. Indeed, certain ranalian genera are the 
only known dicotyledons which exhibit such primitive characters as mono- 
colpate pollen, vesselless xylem, and “open,” styleless, conduplicate carpels. 
Despite the significant advances in our understanding of the trends of 
evolutionary specialization in the xylem and in floral organs, the nature 
of the truly primitive leaf type in angiosperms remains an unsolved 
problem. The predominance in the woody Ranales of simple leaves with 
pinnate-reticulate venation is regarded by Eames (8, p. 421) as “‘strong 
evidence that this is a primitive leaf type in the Angiosperms.” Bailey 
(2), however, takes a more conservative or skeptical viewpoint and states 
that the modern angiospermic leaf may have arisen “from one of several 
diversified forms of potentially ancestral appendages.” In full accord 
with this cautious approach to the problem, I have already raised the 
question of whether the ‘“‘closed” reticulate type of venation, so character- 
istic of living angiosperms, may not have evolved from open dichotomous 
vasculature (9). This possibility is clearly indicated by the remarkable 
dichotomously veined leaf of Kingdonia uniflora, an herbaceous perennial 
which is classified at present as a member of the Ranunculaceae (10, 11, 
12) 

The occurrence of dichotomous foliar venation in a plant of presumed 
ranalian affinities deserves full consideration in any theory of foliar evo- 
lution and emphasizes the need for a comprehensive study of all aspects 
of structure and morphology in Kingdonia. For this reason an investi- 
gation of the morphology and vasculature of the floral organs of this 
genus has been undertaken and the results are presented in this paper. 


MATERIALS AND METHODS 


The flowering specimens used in my study were secured, through the 
kindness of Professor Yu-Wen Tsui, from the following Shensi collections 
of Kingdonia deposited in the herbarium of the Northwestern Institute 
of Biology at Wukung, Shensi Province, China, viz.: Liu & Chun 1307, 
collected September 28, 1937, on Taipaishan; Ho, s.n., Taipaishan, Fan 
Yang Szu (Pasturing Sheep Temple); and Fu 12296, collected June 7, 
1959, on Taipaishan. Grateful acknowledgment is made to Dr. Shiu-ying 


398 JOURNAL OF THE ARNOLD ARBORETUM [VOL. XLII 


Hu, of the Arnold Arboretum, Harvard University, for translating into 
English the Chinese data included with the Ho collection of Kingdonia. 

Despite the fragile and desiccated condition of the material, the com- 
bined use of cleared specimens and serial microtomed sections made it 
possible to study many features of floral morphology in considerable de- 
tail. All flower buds and flowers were first cleared in 2.5% NaOH and, 
after thorough washing in water, transferred to cold concentrated chloral 
hydrate. Specimens cleared in this way proved suitable for drawings of 
the general organography of the flower and were subsequently dehydrated 
and lightly stained with safranin. After staining, the individual organs 
of some of the flowers were dissected from the receptacle and mounted 
directly in “Piccolyte.” Other flowers, as well as the buds, were de- 
hydrated by the tertiary butyl alcohol method, infiltrated with ‘“Histo- 
wax,” sectioned 7-8 in thickness, and stained with a combination of 
safranin and light green. 

I wish to thank Mr. Roy L. Taylor for his skillful assistance jn all 
phases of the embedding, sectioning, and staining of the floral material. 
I am also greatly indebted to my wife who prepared the drawings repro- 
duced in this paper as Fics. 2-7, assembled the photomicrographs and 
assisted me in proofreading the manuscript. Thanks are also due Mr. 
Victor Duran for his skill and patience in making the photomicrographs. 


GENERAL ORGANOGRAPHY OF THE FLOWER 


According to Balfour and Smith’s (5) description of the type material 
collected by F. Kingdon Ward in northwestern Yunnan Province, China, 
the solitary, apetalous flower of Kingdonia is borne on a naked scape 
7-10 cm. long and consists of 5 sepals, 10-15 stamens, and 5-7 carpels. 
My observations, restricted to a study of flowering specimens from a 
montane area in Shensi Province, differ in several important respects 
from this description. 

In the first place, it seems more appropriate to designate the spirally 
arranged perianth members as “‘tepals” rather than as “sepals” (Fic. 1). 
The latter term implies the former existence of petals in the flower of 
Kingdonia, but no evidence of vestigial petals or their traces was found 
in either cleared or sectioned flowers. Furthermore, it is obvious even 
from the limited material examined that the number of perianth mem- 
bers is inconstant. In some flowers five tepals are present (Fic. 1), but 
flowers with six or seven tepals have also been observed. These fluctua- 
tions clearly suggest that a well-defined “calyx,” in the formal sense, is 
not present. 

A more serious divergence between Balfour and Smith’s description 
and the present study concerns the nature of the androecium. In all the 
flowers I have examined, the androecium consists of an outer series of 
8-12 spirally arranged staminodia and a more centrally located series of 
3—6 stamens, each of which is demarcated into anther and filament (Fics. 
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1, 8, 10, 11). Although no organs morphologically intermediate in char- 
acter between staminodia and stamens were observed, the study of a wide 
range of flowers might reveal such transitions. Whether the larger num- 
ber of stamens (10-15) cited in Balfour and Smith’s description repre- 
sents a condition peculiar to the material from Yunnan or whether they 
failed to discriminate between staminodia and stamens must remain open 
questions for the present. 


Fic. 1. Organography of a mature flower with five tepals, numerous stam- 
inodia, six stamens, and seven carpels, 14. (Drawn from a cleared specimen, 
Fu 12296, by Mrs. Emily R. Reid.) 


The apocarpous gynoecium of the flower of Kingdonia is composed of 
5-8 spirally arranged carpels (Fics. 1, 2, 18). Following pollination, the 
tepals, staminodia, and stamens fall from the receptacle, and the stylar 
portion of each of the enlarging carpels gradually becomes bent or re- 
curved over the dorsal edge of the ovary (Fics. 2, 21-24). This beaked 
character of the developing carpel and fruit is highly distinctive of King- 
donia and was noted in the brief descriptions of Balfour and Smith (5), 
Diels (7), and Wang (15). 
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COMPARATIVE MORPHOLOGY OF FLORAL ORGANS 


One of the interesting results of the present study was the discovery 
of the general similarity in the nodal anatomy of a// the appendages of 
the flower. The vascular system of most of the receptacle is a typical 
eustele in which, as the result of interfascicular cambial activity, a single 
well-defined gap is associated with the divergence of the vascular supply 
of each of the tepals, staminodia, stamens, and lower carpels. In con- 
trast, the vasculature of the upper portion of the receptacle consists en- 
tirely of the traces of the inner carpels, and no “residual” xylem or 
phloem strands appear to exist (Fic. 18). : 


Fic. 2. Form and spiral arrangement of a series of eight carpels of Kingdonia 
(Ho, s.n.) at various stages of enlargement, X 8. Except for a single persistent 
staminodium (at lower right) all other floral organs have fallen from the prom- 
inent receptacle. Note dorsally reflexed styles of three largest carpels at the left. 


The following description and interpretation of the form, general struc- 
ture, and venation of the floral organs of Kingdonia is based largely upon 
the examination of mature flowers. Although much care was devoted to 
restoring the structure of flower buds, the results in some respects were 
quite disappointing. As a consequence, many important aspects of floral 
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morphology, such as the early differentiation of the anther and the struc- 
ture and vasculature of the ovule, cannot be described until adequate fixed 
material of all stages in floral development becomes available. 


Tepals. A comparison of the cleared and stained tepals revealed in- 
teresting variations in both form and venation (Fics. 3-7). Only a single 
example of a lobed tepal was observed in the present study (Fic. 6). The 
lamina of this remarkable appendage terminates in two short lobes sep- 
arated by a deep and clearly defined sinus. Whether or not this form of 
tepal should be regarded as a rare “anomaly” can, of course, only be de- 
termined by a survey of many flowers. It is entirely possible that three- 
or even five-lobed tepals may occasionally develop. Most commonly, and 
in agreement with Balfour and Smith’s description of the “sepals,” the 
tepal of Kingdonia is a simple foliar structure consisting of a short petiole 
and an elliptical-oval, prominently acuminate lamina (Fics. 3-5). 

Before describing the venation pattern of the tepals, it is essential to 
comment briefly on the structure of the tepal traces near their point of 
divergence from the eustele of the receptacle. A study of thin serial 
transections of one of the flowers showed that each trace consists of two 
more or less discrete strands of primary xylem which appear to be inde- 
pendently connected with the receptacle bundles bordering the single 
gap. However, the limitations of the material prevented a fully satis- 
factory reconstruction of the exact nature of the subnodal connections 
and origin of the tepal traces. 

The basal portion of each tepal is traversed by the unbranched exten- 
sion of its double trace, which, in cleared specimens, usually consists of 
two separate but closely spaced strands of xylem. In the lower region 
of the tepal lamina, this double bundle gives rise to a midvein and two 
lateral veins, one or both of which may branch dichotomously (Fics. 
4a—6). No evidence of anastomoses or commissural veinlets was found, 
and hence the tepal venation in Kingdonia is simple and “open” in type. 
However, the exact mode of origin of the midvein and the two main lateral 
veins from the double bundle fluctuates even among the tepals of one 
perianth and may be conveniently described under the two following 
“types.” 

Type 1. In this very common type, the midvein and one of the lateral 
veins of the tepal lamina represent respectively the central and outer 
branches of one of the main xylem strands of the double trace (Fics. 3, 
5, 6). However, the level at which divergence and dichotomy of the main 
strands of the trace occur varies considerably. In many tepals, the single 
dichotomy which yields the midvein is near or at the level of divergence 
of both of the lateral veins. But Fic. 3 shows that the dichotomy may 
take place well above the point of divergence of the other main lateral 
vein. 

Typr 2. The distinctive feature of this less common type is the dichot- 
omous branching, at approximately the same level, of each of the two 
xylem strands of the double bundle and the union of the central strands 
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to form the midvein of the tepal (Fic. 4a—b). The two outer strands re- 
sulting from these dichotomies constitute the main diverging lateral veins 
of the lamina. A detailed study, with the aid of dark field illumination, 
showed that the‘two central strands which join to form the midvein are 
relatively slender and often unequal in size (Fics._4b, 7). 

As Fics. 3-6 clearly indicate, there is no apparent correlation between 
these two types of midvein origin and the degree of branching of the main 
lateral veins. Type 1 may be associated with tepals in which both lateral 
veins remain unbranched and terminate blindly in the upper half of the 
lamina, or one or both of the laterals may dichotomize. In the latter 
case, the inner branch very commonly is longer and more highly developed 
than its sister branch. A striking example of this is shown in the bilobate 
tepal in which the lateral lobe is vascularized by the stronger inner branch 
of one of the lateral veins (Fic. 6). 

A few comments are appropriate regarding the interesting variations 
in the amount of xylem differentiated at various levels in the midvein. 
Near its point of origin, the midvein is relatively slender and comparable 
in this respect to the main lateral veins. Quite commonly, however, the 
upper portion of the midvein is conspicuously thicker as the result of the 
increase in number of tracheary elements. At its point of termination in 
the apex of the tepal, the midvein is usually dilated, suggesting the possi- 
bility that it is associated with a hydathode. 


Staminodia and Stamens. As mentioned earlier, the outer mem- 
bers of the androecium are clearly defined staminodia (Fic. 1). Each 
staminodium consists of an elongated filamentous stalk which terminates 
abruptly in an apically dilated “knob.” The vasculature is represented by 
a single unbranched vein which extends vertically through the stalk and 
then curves adaxially into the dilated end of the staminodium (Fic. 8). 
Although serial transections revealed no traces of rudimentary or abortive 
microsporangia, the dilated portion of the staminodium is quite com- 
parable in general form and venation with the corresponding sterile region 
of the anther (compare Fics. 8 and 11). On the other hand, a definitive 
character of the staminodial apex is the presence on its adaxial side of a 
median groove or furrow. As seen in transectional view, the epidermal 
cells which line the groove occur directly over a tissue comprised of cells 
which are much smaller and more deeply stained than the bulk of the 
parenchyma cells of the staminodium (Fic. 9). On the basis of this his- 
tological evidence, the groove may be glandular or “nectariferous” and 
may secrete substances which attract insect visitors to the flowers. 

Each of the stamens, like the staminodia, is vascularized by a single 
unbranched bundle which diverges at the juncture of anther and filament 
into the broad area of sterile tissue separating the two pairs of micro- 
sporangia (Fics. 10, 11). Although the sporangia are protuberant and 
superficially may appear “terminal,” their position with reference to the 
anther as a whole and to the plane of dehiscence is more accurately de- 
scribed as ‘“‘latrorse-extrorse.” This is shown by Fics. 10, 11 which re- 
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spectively depict abaxial and adaxial views of mature, cleared stamens, 
and illustrate the oblique, more or less abaxial (i.e., extrorse) line of de- 
hiscence between the members of each pair of sporangia. 

The tissues of the young stamens of the flower buds which were sectioned 
were so badly collapsed and distorted that the following description and 
interpretation of the structure of the microsporangia is necessarily based 
on the study of mature, dehiscent anthers. Ficure 12 represents a tran- 
section of an anther at the time of dehiscence and shows the remains of 
the partitions which separated the members of each pair of sporangia. 
The confluent “pollen sacs” contain “normal” pollen grains (see also 
Fics. 13-16), small tetrads, and apparently many examples of shrunken 
abortive cells. At this late stage in maturation it is impossible to describe 
with any accuracy the cellular structure of the sporangium walls. The 
dark “lining” of the pollen sacs may correspond to the remains of the 
tapetum and middle layers of the wall but there is no certainty on this 
point. In contrast, the endothecium or “fibrous layer” is well preserved 
and consists of two sharply delimited semicircular layers of cells with 
bandlike thickenings which jacket the protuberant portions of the confluent 
sporangia. These strips of endothecium are not continuous across the 
sterile portion of the anther, nor have cells with similar structure been 
observed bordering the internal edges of the sporangial cavities. 

The taxonomic and phylogenetic interest of information on pollen mor- 
phology in Kingdonia is emphasized by the present classification of this 
genus in the Ranunculaceae, a family characterized, according to Bailey 
and Nast (3), by tricolpate or derived forms of pollen. Because of my 
extremely limited material, a somewhat “unconventional” technique was 
employed in securing permanent whole mounts of pollen grains. Follow- 
ing the usual clearing in NaOH and chloral hydrate, the stamens were 
dehydrated, stained in dilute safranin and the mature anthers “squashed” 
directly in the “Piccolyte” before adding the cover-glass. Selected ex- 
amples of pollen processed in this way are shown in Fics. 13-16. 

A comparison of polar and side views clearly indicates that the pollen 
grain is provided with three longitudinal furrows or colpi (Fics. 13, 15, 
16). Although it has not been possible to study germinating pollen, there 
is some suggestion that a definable pore or aperture is located in each 
of the colpi. In the grain shown in median optical view in Fic. 13 the 
delicate “intine” appears to have evaginated as a short tubular process 
from the center of each of the furrows. On this basis it would appear 
justifiable to classify the pollen of Kingdonia as tricolporate in type. The 
exine of mature grains is moderately thick and when seen in surface view 
exhibits a complex foveate-reticulate structural pattern (Fic. 14). 


Carpels. Although the general form and uniovulate nature of the 
carpels of Kingdonia have been described by Balfour and Smith (5) and 
Diels (7), their accounts are very brief and include no information on 
early ontogeny or vasculature of these organs. On the basis of the present 
investigation it is believed that a relatively full description may now be 
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given of some of the early and critical stages of development and vascu- 
larization of the carpel. The most serious gaps in my description and 
interpretation concern the ontogeny and vasculature of the single pendu- 
lous ovule developed in each carpel (Fic. 20). Despite the greatest pos- 
sible care, the tissues of the ovule appeared collapsed and disorganized 
at all stages, and the problem can only be solved by the use of adequately 
fixed and preserved material (see also Fic. 19c). 

Before presenting the details of carpel ontogeny it is necessary to de- 
scribe briefly the general pattern of growth which leads to the adult 
form of the carpels. At anthesis, the carpel consists of a very short basal 
stipe, a laterally flattened ovary, and an erect or slightly recurved style 
with a terminal papillate stigma (Fics. 1, 21). When the carpels are 
approximately 2-3 mm. in total length, they contain a single ovule at- 
tached to the ventral side of the carpel wall (Fig. 20). As growth con- 
tinues, the basal stipe elongates, the ovarian region increases conspicu- 
ously in length and width and the style becomes reflexed over the upper 
dorsal edge of the carpel (Fics. 21-24). According to Wang (15), the 
mature fruit of Kingdonia is a one-seeded achene and exclusive of the 
recurved “beak” is 8 mm. long and 2.2 mm. wide. A carpel of approxi- 
mately similar dimensions is shown in Fic. 24. 

A transection of the central region of a developing flower bud showing 
three young carpel primordia is depicted in Fic. 17. At this early stage, 
the primordia are 200-275 p» in height and throughout most of their length 
are prominently conduplicate structures. However, because of their spiral 
arrangement on the receptacle these primordia are not cut at the same 
level, and the lower primordium in Fic. 17 is represented by a section 
through the short basal stipe. Comparison of serial sections indicates that 
the post-genital fusion of the carpel margins to form the closed locule 
occurs in an acropetal direction. The carpel primordium at the upper 
right in Fic. 17 shows an early stage in the fusion of the margins, while 
the primordium at the left has been sectioned at a slightly higher level 
and exhibits an open conduplicate structure. In both of these carpels a 
single ovule primordium has arisen distal to the margin of the carpel. 
Thus the placentation in Kingdonia is obviously submarginal in type. 

The continued differentiation and enlargement of the carpel is accom- 
panied by the progressive acropetal fusion of the carpel margins and the 
development of a simple but highly distinctive type of vasculature. A 
relatively advanced stage in the closure of the carpel is shown in Fics. 
19a—e which represent transections cut at successively higher levels through 
a carpel approximately 1 mm. in height. Although complete union be- 
tween the margins and outer adaxial surfaces of the carpel wings has 
produced a closed locule in the lower portion of the ovary (Fic. 19b, c), 
the upper third of the carpel, including the style is still unsealed and con- 
duplicate in organization (Fic. 19e). Limitations of material prevented 
a study of the later and final phases of closure of the carpel, and serial 
transections of a carpel 6.75 mm. in height showed no evidence, except in 
the lower adaxial portion of the style, of conduplicate structure. 
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Each of the spirally arranged carpels of Kingdonia is vascularized by 
a single trace which, in young carpels, consists of a strand of xylem 
flanked and partially enclosed by two well-defined strands of phloem 
(Fic. 18). Soon after its extension into the basal region of a carpel, the 
trace divides tangentially into a dorsal (abaxial) and a ventral (adaxial) 
bundle. This aspect of carpellary vasculature is shown in the bases of 
three of the outer carpels in Frc. 18 and is further illustrated in the pho- 
tographs of the cleared carpels represented by Fics. 22-24. The struc- 
ture and course of the dorsal and ventral bundles in a young, apically 
conduplicate carpel are shown in the transectional views depicted by Fic. 
19a—e. The relatively weak development of xylem in the ventral bundle 
is evident even in sections of the stipe (Fic. 19a). At successively higher 
levels the ventral bundle appears to consist wholly of phloem, and the 
strand terminates its development near the point where the carpellary 
margins are still open and conduplicate (Fic. 19d). In contrast, the dor- 
sal bundle is more robust, and the existence of both phloem and xylem 
is evident at high levels in the carpel (Fic. 19e). During the further 
enlargement of the carpel, the dorsal bundle continues its more rapid 
development and ultimately extends without branching into the lower 
region of the style. FicurEs 21-24 clearly suggest that xylem develop- 
ment in the dorsal bundle is precocious, acropetal, and continuous, in 
contrast to the discontinuous and bidirectional pattern of early xylem 
formation within the ventral bundle. 

During the late phases of closure of the upper part of the carpel, the 
ventral bundle dichotomizes into two slender branches which terminate 
blindly near the top of the ovary but do not extend into the base of the 
style (Fic. 24). The point at which the bifurcation of the ventral bundle 
occurs appears to be below or in the immediate vicinity of the attach- 
ment of the ovule to the placenta. The ventral bundle shown in Fic. 19b, 
for example, although devoid of xylem, appears somewhat “double” in 
structure. Transections of carpels 6-7 mm. long show that each of the 
branches of the ventral bundle consists of well-defined phloem and xylem. 
Unfortunately, however, the ovule in each of these carpels appears abortive 
and collapsed, and there was no convincing evidence of the derivation of 
an ovule trace from either of the ventral strands. 

A few observations were made of the structure and vasculature of appar- 
ently mature fruits. No evidence of amy venation was seen in the carpel 
“walls” and it seems clear that the type of vasculature represented in 
Fic. 24 is typical of both the carpel and the mature achene of Kingdonia. 
During the development of the carpel into a fruit, the dorsal and ventral 
veins become more or less completely jacketed by sclerenchyma, and the 
surface cells which line the locule develop remarkable reticulate bands 
of secondary wall thickening. The prominent beak of the achene is like- 
wise composed largely of sclerenchyma, the initiation of which occurs in 
the upper region of the styles of comparatively young carpels and pro- 
ceeds basipetally into the upper portion of the ovary. 
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DISCUSSION 


In the light of current phylogenetic interpretation of floral organs in 
both woody and herbaceous ranalian plants, the flower of Kingdonia 
appears to show a combination of primitive and advanced levels of 
specialization. For example, the marked fluctuation in the number of 
tepals, staminodia, stamens, and carpels, their spiral arrangement on the 
receptacle, and the absence of fusion between any of these organs point 
to a rather primitive level of floral organization. On the other hand, the 
form and vasculature of the stamens and carpels seem decidedly advanced 
as compared with the foliaceous reproductive structures in the flowers of 
such woody genera as Degeneria, Austrobaileya, and Himantandra. The 
following discussion attempts to summarize the anatomical evidence se- 
cured by the present study and to evaluate it with particular reference 
to (a) the phylogenetic significance of the remarkable dichotomously 
veined leaf of Kingdonia and (b) the problem of the systematic affinities 
of this genus. 

The tepals, despite their small size and typically simple form, are the 
only floral organs in which the vasculature offers points for direct com- 
parison with the foliage leaf (Fics. 3-7). The nodal anatomy of the 
tepal is unilacunar, as in the leaf, and the double trace seems to repre- 
sent merely a simplification of the system of four traces which vascu- 
larizes the foliage leaf. Indirect evidence in support of this interpreta- 
tion is provided by the cataphylls of Kingdonia. These scale leaves occa- 
sionally develop a rudimentary lamina, and in such cases they are vascu- 
larized by two well-defined traces. Further indication of the fundamental 
resemblance between the vasculature of tepal and leaf is shown by one 
of the modes of origin of the tepal midvein. As illustrated in Fics. 4 and 
7, this unbranched vein may arise from the union of the two central 
branches formed by the dichotomy of each of the tepal traces. A similar 
transition from an even to an odd number of main veins occurs in the base 
of the median lamina segment of the foliage leaf but results in this case 
in the formation of three systems of dichotomizing veins (cf. Foster and 
Arnott 11, Figs. 5, 7). In connection with these comparisons it is in- 
teresting to note the marked resemblance between tepal vasculature in 
Kingdonia and certain forms of cotyledonary venation in the angiosperms 
recently discussed by Bailey (2). The distinctly asymmetrical derivation 
of the tepal midvein shown in Fic. 3 is matched in certain types of 
cotyledons which develop an odd number of veins and the venation pat- 
tern represented in Fic. 4a, b corresponds very closely to another wide- 
spread type of cotyledonary vasculature (cf. Bailey 2, Figs. 2 E, F). 

Bailey’s (2) comprehensive surveys of the nodal anatomy of cotyledons, 
foliage leaves, and floral organs provide excellent evidence that the two- 
trace unilacunar node represents the primitive condition in angiosperms. 
On the basis of this interpretation, the probable nature of the complete 
vasculature of the primitive leaf type in angiosperms requires careful 
consideration. Bailey (2) has advanced the suggestion that the “mid-vein 
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of angiospermic appendages may have evolved by the approximation and 
fusion of two independent systems of vasculature.” This idea implies 
that the venation of primitive leaves was not “pinnate” in the strict sense 
of the term but may have resembled certain “pseudo-palmate” or transi- 
tional forms of cotyledonary vasculature (Bailey 2, Fig. 24, C, G). In 
this connection, is it not possible that the leaf of Kingdonia — notable for 
its unilacunar node, its four leaf traces and its palmate system of open 
dichotomous venation — may typify ome of the ancient forms of foliar 
vasculature in the angiosperms? In my opinion, the occurrence of a two- 
trace and open dichotomous type of vasculature in the tepals of this 
genus lends additional weight to this theory. Although it may be argued 
that the persistence of a primitive leaf type is improbable in an herbaceous 
plant, the family Nymphaeaceae appears to have retained primitive forms 
of stamens (14), and vessel members with scalariform perforations occur 
in the xylem of Paeonia and Hydrastis (8). From these examples there 
seems to be no @ priori reason to assume that the dichotomous vasculature 
of Kingdonia must be “specialized” or the result of “reversion” merely 
because this genus is herbaceous, rather than woody, in habit. 

In contrast to the double-trace pattern of vasculature of tepals, each 
of the stamens of Kingdonia is vascularized by a single unbranched bundle 
(Fics. 10, 11). This fact, coupled with the clear demarcation of anther 
and filament and the latrorse-extrorse dehiscence of the paired sporangia, 
indicates a comparatively advanced type of stamen. The morphological 
and phylogenetic significance of the staminodia, which are likewise uni- 
fasciculate appendages, is problematical. However, their inconstant num- 
ber and their ‘position below the stamens suggest an evolutionary origin 
from fertile microsporophylls. 

Like the stamen, the carpel of Kingdonia also seems relatively special- 
ized in both form and vasculature, especially when compared with the 
apparently primitive carpel types which occur in such woody ranalian 
plants as Drimys piperita and Degeneria (4). In these species the carpel 
shows no distinction of an ovary, style, or terminal stigma but is a stipi- 
tate, unsealed, conduplicate organ bearing numerous ovules on its inner 
face between the median and lateral veins. The advanced level of spe- 
cialization of the stipitate carpel of Kingdonia is shown by the clear de- 
marcation between ovary, style and stigma, by the development of a 
single ovule and by the simple and sparse pattern of vasculature (Fics. 
20, 24). Although the conduplicate and open structure of the carpel 
primordia in Kingdonia suggests the persistence of a primitive type of 
ontogeny, the closure of the carpel occurs relatively early and results in 
a sealed ovary without a definable ventral suture. The mature vasculature 
consists of an unbranched dorsal and a forked ventral vein, both derived 
from the single trace which enters the stipe region of the carpel. 

As mentioned earlier in this paper, it proved impossible because of 
technical difficulties, to determine the nature of the “ovule trace” in 
Kingdonia. The bifurcation of the ventral strand occurs near the point 
of attachment of the ovule to the inner ventral surface of the carpel and 
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it is probable that the vasculature of the ovule is derived from one or 
possibly both of these traces. In this connection, the venation of the 
carpels of certain members of the Ranunculaceae offers certain points for 
comparison with the situation in Kingdonia. According to Chute (6), the 
carpel of various species of Anemone, Clematis, and Hepatica is vascular- 
ized by a single trace which divides into a dorsal and ventral vein. Near 
the top of the ovarian cavity, the ‘fused ventrals” divide into three 
strands; the median represents the ovule trace, and the two laterals con- 
tinue into the style. In Kingdonia, however, the two branches of the ven- 
tral bundle terminate near the base of the style which is vascularized ex- 
clusively by the unbranched dorsal bundle (Fic. 24). 

In conclusion, it seems appropriate to discuss briefly the bearing of 
the evidence from leaf and flower on the systematic affinities of Kingdonza. 
As I have recently pointed out (10), the original classification of Kzing- 
donia in the Ranunculaceae by Balfour and Smith (5) was accepted with- 
out question by Diels (7) and Janchen (13), and the same taxonomic 
assignment of this genus was later adopted by Wang (15) and Hutchinson 
(12). Admittedly the herbaceous habit, polymerous flowers and one- 
seeded achenes of Kingdonia are duplicated, at least in a superficial way, 
in such ranunculaceous genera as Thalictrum and Anemone. But in my 
opinion, the totality of morphological and anatomical evidence derived 
from my studies on the leaf and flower strongly indicate that Kingdonia 
is a “relict” genus, without obvious affinity to any ranalian family, in- 
cluding the Ranunculaceae. Prominent among the “unique” and isolated 
features of Kingdonia are the dichotomously veined foliage leaf and the 
two-trace vascular system of the tepals. Comparable types of foliar vas- 
culature do not occur in any of the genera of Ranunculaceae which I have 
studied or which have been described anatomically in the literature (10). 
A similar but less decisive “remoteness” is shown by the pollen grains of 
Kingdonia (Fics. 13-16). These structures appear to be tricolporate in 
type and when more thoroughly studied and compared with the pollen 
of other ranalian plants may support the removal of Kingdonia from the 
Ranunculaceae. 

Many important morphological aspects of Kingdonia remain for future 
investigation. These include the determination of the chromosome num- 
ber, the morphology of the tracheary elements, the study of the seedling 
(with particular reference to cotyledonary vasculature), and information 
on the development and structure of the embryo sac, endosperm, and 
embryo. When these gaps in our present knowledge have been bridged, 
I suspect that Kingdonia will ultimately be treated as the representative 
of an independent and “relict” family within the Ranales. 
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EXPLANATION OF PLATES 
Ue, Ih 


Fics. 3-7. ForRM AND VENATION PATTERNS OF TEPALS OF Kingdonia [Fu 
12296]. 3, Crigin of midvein and lateral vein from dichotomy of one strand of 
double trace, * 7. 4a, Origin of midvein by union of central branches of both 
dichotomizing strands, * 6. 4b, Enlargement of region of vein-union repre- 
sented in 4a, & 30. 5, Tepal showing prominent dichotomous branching of each 
lateral vein, * 6. 6, Form and vasculature of a bilobed tepal, & 7. 7, A 
further example of dichotomy of both strands of tepal trace and union of the 
two short central bundles to form midvein, * 30—note close approximation of 
central bundles as compared with 4b. For further explanations, see text. 


PLAGE SL 


Fics. 8-12. STAMENS AND STAMINODIA OF Kingdonia. 8, Cleared staminodium 
[Ho, sm.] showing general form and vasculature, * 32.5. 9, Transection of 
apical region of staminodium [Fu 12296] showing adaxial groove and single vein, 
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x 135. 10, 11, Cleared stamens [from Ho, s.n.], showing vasculature and the 
orientation and plane of dehiscence of the microsporangia, X 32.5; 10, abaxial 
view; 11, adaxial view. 12, Transection of dehiscent anther, X 135 — note pol- 
len grains and clearly delimited endothecium. 


PLATE III 


Fics. 13-17. PoLLEN AND CARPELS OF Kingdonia. 13-16, Mature pollen 
grains [from Fu 12296], X 1480. 13, Polar view, showing tricolporate structure. 
14, Same grain at a higher focal plane, illustrating structural pattern of exine. 
15, 16, Side views of pollen grains with longitudinal colpi. 17, Transection of 
central region of flower bud [Liu & Chun 1307] to illustrate young stages of 
carpel development, X 295. Note conduplicate nature of carpel primordium at 
left and fused margins of young carpel at upper right. 


PLATE IV 


Fics. 18-20. VASCULATURE AND DEVELOPMENT OF CARPELS. 18, Transection 
of flower [from Fu 12296] with seven carpels, the outer five of which are at- 
tached to the receptacle, X 138. Note particularly that each of the traces of the 
two uppermost carpels consists of a single xylem strand flanked by two phloem 
strands. 19a-e, Transections, at successively higher levels, of one of the carpels 
shown in Fig. 18, X 138. 20, Longitudinal section of a carpel about 2 mm. high 
(exclusive of reflexed style) showing the attachment of the single pendulous 
ovule to the ventral wall [Ho, s.n.], X 22. 


PLATE V 


Fics. 21-24. CLEARED CARPELS, selected from gynoecium [from Ho, s.n.] 
shown in Fig. 2 and photographed with dark-field illumination. 21, Carpel, ap- 
proximately 2 mm. in height, showing ovary, style, and papillate stigma, * 32.5 
—note precocious and acropetal development of xylem in dorsal bundle. 22, 
Older stage than preceding figure, showing dorsal bundle extending into base of 
reflexed style and an early phase of xylem development in ventral bundle, « 19. 
23, Still later stage illustrating apparent bidirectional and interrupted pattern of 
xylem differentiation in ventral bundle, X 19. 24, Carpel approximately 7.5 mm. 
high (exclusive of reflexed style) showing complete vasculature, x 19 — note 
dichotomy of ventral bundle near top of ovary. 
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CONIFEROUS POLLEN TYPES OF THE SOUTHERN HEMISPHERE, 
I. ABERRATION IN ACMOPYLE AND PODOCARPUS 
DACRYDIOIDES 


Lucy M. CRANWELL 


IN COMPARING THE POLLEN GRAINS of the Podocarpaceae with those of 
the Pinaceae, Mme. van Campo (1950) has recognized their common and 
very ancient source. In this view she has followed Prof. R. Florin (1936), 
who has shown how very closely aberrant grains of members of both 
families may approach ones normal to the Cordaitales. It is his opinion 
that the morphological affinity with the extinct group is strongest in the 
grains of certain genera of the Pinaceae. Van Campo considers that the 
Podocarpaceae may prove to be older, however, and points to the di- 
vergent groups persisting today. Further, she admits difficulty in deciding 
to which family certain types belong. 

Sir Albert C. Seward (1914) ran into the same difficulty in identifying 
the first gymnospermous grains discovered in Antarctic deposits. He set 
up and defended his organ-genus Pityosporites in the belief that it rep- 
resented abietineous grains, but soon decided that it was most probably 
based on podocarp material. Unfortunately, the name must be upheld as 
a catch-all for older bisaccate grains, of both hemispheres, which have 
characters common to the two families. However, as pollen studies pro- 
ceed, closer identification of fossil with living types is made possible, so 
that a dwindling remnant of southern hemisphere “‘incertae” is likely to 
lodge, or remain, in Pityosporites. 

Thus, despite evidence for relationship in the two major families, diag- 
nostic differences do occur and could be exploited much more than at 
present for stratigraphical, distributional, and climatological studies. The 
work of Dr. Isabel C. Cookson, Dr. R. A. Couper, and Mr. Basil E. Balme, 
to mention only some who have worked in both hemispheres, is outstand- 
ing in this respect. 

Particular weakness still lies in our lack of detailed knowledge of Pinus 
pollen, as contrasted with that of Podocarpus, or of Cedrus, as opposed 
to some of the Dacrydia. Records of one or the other will crop up some- 
what erratically in fossil work from either hemisphere until the position 
is clarified. For instance, a report on Lower Miocene deposits of Silesia 
by Prof. Stefan Macko (1957) presses identity of his conifer types with 
living podocarps such as Podocarpus dacrydioides A. Rich. and Dacry- 
dium cupressinum Soland. ex Forst. f. While I am willing to admit that 
genera now represented in New Zealand may also have occurred in 
Eurasia, I feel sure that his photomicrographs and descriptions do not 
clinch the matter for two reasons: the reticulate sculpture rules out a 
Dacrydium, and the presence of Crossotheca spores in the same deposit 
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Suggests redeposition from older beds for the “Podocarpus,’ if closer 
affinity with known three-sac types cannot be proved. Neither set of 
microfossils exemplified by Macko comes any closer to Miocene anteced- 
ents of these species as we know them from New Zealand deposits. I 
mention these examples in order to stress the difficulties involved in 
comparing fossil podocarps of the two hemispheres, rather than to detract 
from Prof. Macko’s main theme, which is the very real affinity between 
the Tethyan (or Poltavian) part of his microflora and that of Indo- 
Malayan vegetation of today. 

Few still believe that Pinus and its close allies ever reached far into the 
Southern Hemisphere: Pinus today stops short in the West Indies and 
Guatemala, on one side of the world, and in the Sunda Islands, less than 
six degrees south of the Equator, on the other. On the other hand, some 
podocarps are found far above the Equator, mainly in the wet highlands 
of Central America, of Nepal, the Philippines, China, the Ryukuyu Islands, 
and Japan. 

We are indebted to Dr. R. Florin, particularly, for purging the records, 
living and fossil. For South America, Antarctica, and New Zealand he 
has shown, for instance, that all the “Sequoia” records are false, and he has 
usually been able to place the macrofossils on which they were based in 
Podocarpus or Acmopyle. 

Microfossil records usually lag behind those for macrofossils, and this 
is true for Acmopyle, one of the rarest of living conifers. Two living spe- 
cies, A. pancheri Pilg. and the very closely allied A. alba Buchholz, are 
known from the high serpentine areas of eastern New Caledonia (see 
Chevalier, 1957), and a third, A. sakniana Buchholz & N. E. Gray, from 
Fiji. Florin’s ancient species, based on leaves and twigs, are A. antarctica 
from Seymour Island, Graham Land (Oligocene or Lower Miocene) * and 
A. engelhardtii (Eocene) from Rio Pichileufu in Argentina. 

An excellent note on the habitat and rich assemblage of conifers asso- 
ciated with Acmopyle is given for New Caledonia by Compton (1922). 
There, at 3000 ft. above sea level, the generic mixture and the ecological 
conditions must be very similar to those at a slightly lower altitude on 
Mount Te Moehau, an isolated “island,” untouched by glaciation, on the 
Coromandel Peninsula about 40 miles east of Auckland, New Zealand. In 
both areas the relict forest seems to survive, as Compton puts it, through 
“stubborn resistance,” as it is out of equilibrium with its environment. 


ABERRATION IN CONIFER POLLEN GRAINS 


Various authors have dealt with normal pollen grains in the Podo- 
carpaceae, but few have described the range of aberrance in this im- 
portant group, or have tried to assess its importance. I shall, therefore, 
confine myself in this note to its occurrence in Acmopyle pancheri and. 


* The age of the Seymour Island sediments was given by Florin (1940) and others 
as Eocene: recent work by the Falkland Islands Dependencies Survey indicates, how- 
ever, that there are no Eocene sediments left in the region. 
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Podocarpus dacrydioides and shall mention the normal form only where 
comparison is necessary. 

Hybridism and unknown factors lead to many deviations in pollen 
grain morphology, disturbing the familiar face, or physiognomy, of a 
grain. It is as though a cheek were turned in the Coniferales, in par- 
ticular, when grains gain or lose bladders, reveal ancestral markings, or 
remain fused back-to-back with four bladders instead of two. The change 
of profile, so to speak, now offers new clues to cell behavior and, per- 
haps, to evolutionary trends. In some, the differences seem to represent 
a recapitulation difficult to trace except in very young or aborted grains. 

Among irregularities noted for these southern genera are trisaccate 
grains in the normally disaccate Acmopyle and grains with more or less 
confluent sacs (bladders) or with triradiate or slashlike scars on the cap 
(the proximal side of the grain) in Podocarpus dacrydioides. Sac fusions 
or abortions may also occur in Dacrydium cupressinum and in the New 
Zealand species of Phyllocladus. 

In Acmopyle and Podocarpus dacrydioides, at least, hybridism does not 
seem to have been involved, as the species are geographically and genet- 
ically isolated. No hybrids have been reported from Acmopyle or from 
the Dacrycarpus section of Podocarpus. Further, the frequency of ir- 
regularity is quite low, about five per cent (of 300 grains studied; Cran- 
well, 1940) being noted in Podocarpus dacrydioides and under one per cent 
in Acmopyle (with 600 grains studied). Van Campo (1950), on the other 
hand, reports 100 per cent aberrance in certain hybrid Tsuga material she 
investigated. 

It is worth noting that few conifer hybrids have been accepted for the 
southern hemisphere, the late Dr. H. H. Allan (1961) giving only two 
groups in Flora of New Zealand. Both were between species with disaccate 
grains. Hair (1958) and Hair and Beuzenberg (1958a,b) have confirmed 
one of these groups in their wide surveys of chromosome numbers in the 
Podocarpaceae. Their material was a cross of Podocarpus hallit Kirk 
P. nivalis Hook. from the closely related “hallii-totara-nivalis’’ complex, 
and it yielded counts of 2m = 36, while the parents yielded 2n = 34 and 
38 respectively. The authors stress the importance of the evidence for 
chromosome inconstancy discovered in many of the 52 species, and the one 
hybrid, they have studied. They state (1958b) that the Podocarpaceae, 
instead of displaying “the unvarying basic numbers of most families of 
slow-growing, long-lived” gymnosperms, shows “surprising variation . . . 
which points both to the past and to the future.” Hair (1958) adds that 
this “chromosomal polymorphism” is “a surprising discovery amongst the 
long-lived woody plants generally.” Their lists show that few species with 
high basic chromosome numbers have trisaccate grains either regularly or 
occasionally. Apart from Microcachrys and Pherosphaera this condition 
is strong only in the groups in which Hair and Beuzenberg have dem- 
vastrated a low basic number, e.g., 10 for Acmopyle pancheri, Podocarpus 
dacrydioides and Dacrydium cupressinum (2n = 20). 

Only a few of the trisaccate species cross the Equator, one running north 
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to the Philippines. All of these species belong to section Dacrycarpus, 
which has also a Chilean species described by Florin (1940) from fossil 
twigs. The discovery of more fossil material, as claimed by Macko (1957), 
would therefore represent a great extension of range for species with this 
pollen type. According to European reports, coniferous grains with more 
than two sacs are by no means common in northern deposits. 


TRISACCATE GRAINS IN ACMOPYLE 


The only illustrations of Acmopyle pollen grains to which I have had 
access are those of Erdtman and of Ueno. Dr. Erdtman illustrated the 
pollen of A. pancheri in 1957, promising to give the necessary text in his 
second volume on the gymnosperms, while Dr. Ueno gave an extremely 
small sketch for A. alba in 1960. 

Thanks to Dr. Erdtman, I was permitted to see the slide on which his 
sketches were based; later I received fresh pollen cones from Dr. David 
de Laubenfels of Syracuse University, New York (P 130, collected on 
Mount Mou, New Caledonia, Oct. 9, 1957), and it was in this second 
collection that I noted the aberrant forms, which comprised under one 
per cent with three sacs and a small number only that were dwarfed, 
doubled, or slightly irregular in size of the sacs. The accompanying plate 
illustrates a trisaccate grain, together with two typical disaccate grains, 
seen in distal and lateral views (Fics. 1-3). 

It should be noted that the three sacs are in perfect balance and condi- 
tion (Fic. 1), but the exine of the corpus (body of the grain) is very 
thick and is embayed between the sacs. As in normal grains, the puffed 
bladders are attached by narrow bases and lie wholly on the distal surface 
of the grain. 

Most of the irregular grains were smaller than the normal ones, but the 
overall measurement, with sacs included, was little smaller, being about 
62u. No grains were broken, but several (normal) had shed a sac very 
cleanly, possibly due to the rigors of acetolysis during the preparation of 
the sample. The tendency to shed seems stronger than in other podocarp 
pollen types: it may thus be significant that sacless grains of this type 
occur rather freely in Upper Cretaceous Antarctic sediments which I am 
studying at present. No bladders like those of Acmopyle have been rec- 
ognized, however, although many fragments have persisted. 


SOME FOSSIL OCCURRENCES OF TRISACCATE TYPES 


Occurrences in older floras will not be discussed in detail here, but it 
is worth noting a second trisaccate type also found by the author in the 
Antarctic samples. Deviations from the coniferous types suggest that it 
may have been shed by a pteridosperm. 

The trisaccate condition is certainly very old, though not as old, it 
seems, as some of the types with enveloping or cingulate sacs. In Podo- 
cartus dacrydioides, at least among the podocarps, a deviant takes the 
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form of this more ancient fused sac, comparable with those sometimes 
developed in Pinus sylvestris, according to reports by Eneroth (see Florin, 
1936). Such grains occurring in podocarps, pines, and their allies, even 
if rarely, seem to give good support for Florin’s views on the common 
ancestry of these groups in the Cordaitales. 

Trisaccate grains occur rather sparingly among the Abietineae in both 
fossil and living material. They occurred also in extinct groups the af- 
finities of which are little understood. Couper (1958) has reported them, 
for instance, in frequencies of one in a thousand for the normally bisaccate 
Caytonanthus arberi (Thomas) Harris, a member of the Caytoniales 
which lived in the Mesozoic period in Evita 

The nomenclature for these types is especially difficult: some are 
lumped in Trisaccites, or, if a comparatively recent origin is suspected, in 
an organ-genus suggesting affinity, e.g., Podosporites. Where there is a 
continuous record for a species, as for Podocarpus dacrydioides in New 
Zealand, the affinity can well be claimed, but even for this distinctive type 
the record does not yet go back beyond the Tertiary. 


TRIRADIATE SCARS IN PODOCARPUS DACRYDIOIDES 


The triradiate scar, the mark of contact with other grains of a de- 
veloping tetrad, occurring always on the proximal or cap side, is rarely 
noted in conifers, and has never been confirmed for any angiosperm, al- 
though Coprosma macrocarpa Cheesem., for one, has a polar marking 
which mimics a scar. Wodehouse (1935) has illustrated a scar for Abzes 
nobilis Lindl., for instance, and has stated that it is a ‘‘diagnostic char- 
acter when found but it is generally very faint and difficult to see.” 
Florin (1936) reports much the same thing for Cordaiantkus and illus- 
trates a grain with a small, compact scar. 

Ueno (1957) has given the only reports of a scar in Podocarpus 
dacrydioides, as far as I know. His illustration I noted with admiration 
and a mild chagrin, as I had never observed one of these scars in the 
many grains I have worked with, living or fossil; the only deviations I had 
seen were frillings and fusions of the sacs. I was fortunate, therefore, on 
October 25, 1958, to be able to collect young cones, which I took from a 
small tree, not long out of its juvenile stage, by the Waitakere Stream not 
far from Auckland. In this material I found an abundance of scars, as 
well as broad slash-like markings not mentioned by Dr. Ueno. 

In Podocarpus decrydioides, the scar lies in the middle of the body of 
the grain, sending its long, untapered arms out almost to the equator 
where each comes symmetrically and abruptly to a point. As will be seen 
(Fics. 6, 7), the arms are broad, both margins and surfaces being clearly 
delimited. By comparison with such ancient types as J/linites Kosanke and 
Fuldaesporites Leschik (as illustrated in Potonié, 1958, Taf. 7, 62 and 
Taf. 9, 91, respectively), or with modern fern types, such as the spores of 
Adicntum, this is a large and magnificent scar. It does not run into and 
fuse with the ridge encircling the equator, as Ueno reports for Tsuga. I 
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agree with him, however, in his suggestion that only young grains are 
likely to show the triradiate marking to advantage. 


IRREGULARLY SCARRED GRAINS 


The chief aberrations in this species, and the ones most likely to be of 
importance, are the slash-like strips running singly on in pairs across the 
proximal surface. Their ‘‘selvage” margins are wide and calloused (Fics. 
9, 10) and thus suggest rigidity, rather than distensibility, of the wide 
and delicate membrane of the distal surface. This latter is usually spoken 
of as the “furrow,” although it is not homologous with the furrow of most 
of the angiosperms. 

Several fossil pollen genera are characterized by rather similar rifts (see 
Potonié, 1958, Taf. 7, 63, 64, and especially Balme and Hennelly, 1955). 
These are disaccate grains, the gashes tending as a rule to run straight and 
at right-angles to the side furrows on the other side of the grain. In Podo- 
carpus dacrydioides, likewise, the seemingly haphazard pattern of rifts 
may be determined by the geography of a triangular, rather than an 
elongate, furrow area. In a “normal” young grain, the arms of the perfect 
triradiate scar will run toward the apex of each subtending air sac, as it 
would to the three angles formed on the amb of trilete fern spores. The 
disturbance of the abnormal grain, whatever its cause, may thus lead to 
gross thickenings and erratic trends in the trisaccate types. 

In “Lueckisporites” of Balme and Hennelly (1955) a straight gash 
occurs together with lesser parallel striation. Such grains are especially 
important in members of the Gondwana Flora (see also Pant & Nautiyal, 
1960) but have not yet been reported from Gondwana deposits in New 
Zealand. Their association with delicate triradiate crests in some sacless 
microspores described by the Australian workers suggests that their early 
function was separate from that of the scar. It will be interesting to dis- 
cover for modern conifers what relationship the heavy gashes have to 
both the triradiate scar and the ancient striations. 
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EXPLANATION OF PLATES 
PLATE I 


Fics. 1-5. Acmopyle and Podocarpus. Fics. 1-3. Photomicrographs of pollen 
grains of Acmopyle pancheri. 1, Trisaccate grain, 62u, showing the symmetric 
and widely spaced sacs, the lowest being turned inward slightly toward the 
germinal area or “furrow.” 2, Disaccate grain, 69u, showing distal or “furrow” 
side of grain. 3, Disaccate grain, 69», in lateral view showing the puffed sacs 
on their narrow bases, their slight projection beyond the body of the grain, and 
their open reticulation of the sacs [Material: De Laubenfels P130; pollen 
preparation, p5 (acetolysed)]. Fic. 4. Photomicrograph of pollen grain of 
Podocarpus dacrydioides. Normal grain in slightly oblique view, the sacs crowd 
closely together above the rounded ‘‘furrow” area; 65u. [Material: L. M. & 
E. A. Cranwell; pollen preparation S768 (acetolysed)]. Fic. 5. Very old trees 
of Podocarpus dacrydioides (‘‘Kahikatea”’) isolated after felling of forest around 
them; King Country, New Zealand. Photographs by author. 


PLATE II 


Fics. 6-11. Photomicrographs of pollen grains of Podocarpus dacrydioides. 
6, Distal view of normal grain (possibly not fully mature), 654, showing attach- 
ment of the wide bases of the sacs on the large triangular “furrow” area. 7, 8, 
Young grains, 46 », showing the broad triradiate scars on their cap (proximal) 
side — bladders have been trimmed away in fig. 7 leaving only body or corpus 
of grain. 9, 10, Aberrant grains with open wound-like scars. 11, Normal grain 
overlapping an aberrant one (10), both about 70 z. 
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STUDIES IN THE THEACEAE, XXXIII 
VARIATION IN THE FRUIT OF TERNSTROEMIA 
KWANGTUNGENSIS 


CLARENCE E. KoBUSKI 


COMPLETE DIAGNOSES of taxa in the genus Ternstroemia, like those of 
any other genus, should include the descriptions of both flowers and fruit. 
Considering that the flowers of this genus are either dioecious, andro- 
dioecious, or occasionally hermaphroditic and that flowers seldom are col- 
lected at the same time as the fruit, one may see how inadequate a de- 
scription based on a single herbarium specimen must be. In the species 
discussed below the flowers are still unknown. The fruiting material avail- 
able to the original authors (two names are involved) was insufficient for 
a complete diagnosis of the fruit. However, it so happens that in Tern- 
stroemia kwangtungensis the leaf characters seemed outstanding enough 
at the time of its description to set it apart from all other Chinese mem- 
bers of the genus. The fruit is widely variable, and it is with this extreme 
and unusual variation, in contrast to the uniformly 2-loculate condition 
of most other Asiatic species, that the present paper is concerned. 

In 1918, E. D. Merrill described an interesting new species of Tern- 
stroemia from Kwangtung Province, China, as T. kwangtungensis. He 
obviously never realized at the time — or later — how distinct and un- 
usual the species actually would turn out to be. The type collection was 
made by Merrill himself, and, although it was a rather wretched specimen, 
Merrill with his keen eye for novelties recognized it as different from any 
Ternstroemia previously described from China. What attracted Merrill, 
I am sure, was the heavy, subrotund, shiny, coriaceous leaves and the 
broad, very thick petioles, with the overall appearance of a stiff fan or 
paddle. The fruit was immature, and as such he dismissed this character. 
Since then several workers have identified Kwangtung material in the 
Arnold Arboretum herbarium as belonging to this species, but, upon close 
observation, none of the specimens truly resembles Merrill’s isotype which 
had been deposited at the Arnold Arboretum. 

Since the isotype available (Merrill 11013) was so sparse (one attached 
and one unattached immature fruit) I had hesitated to dissect the material 
until absolutely necessary. However, when a dissection was finally made 
of the unattached fruit I discovered that it was so very young in develop- 
ment that it was still in the advanced ovulate stage. 

There were five locules. However, of these, only three were fertile and 
contained respectively three, two, and two ovules. The inside surface at 
the apex of the locules where the ovules were attached was dark red, 
smooth, and shiny. In the two intervening spaces (or sterile locules) 
such was not the case, these being filled with spongy tissue. Two of the 
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fertile locules were adjacent to each other and were separated by a single 
septum. On each side of these two adjacent fertile locules was a sterile 
locule with the third fertile locule between the two sterile locules. It is 
quite likely that in the maturation of the fruit the fully developed seeds 
may fill the fruit completely, thereby eliminating the sterile locules, for 
in this genus it is not unusual to find that the septa separating the locules 
have been broken down by the developing seeds. 

A second specimen which appeared to belong to this species, Tsang 
25486, was found among our unidentified material. This specimen also 
had only two fruits. A single dissection of a fruit of this second specimen 
showed it to be 3-loculate with the three locules clearly taking up the 
entire fruit, with no intervening spaces. The seeds numbered seven and 
were arranged four, two, and one in the three locules. 

A short while ago, I was surprised to find that H. T. Chang (Zhongsan 
Daxue Xuebao, Ziran Kexue [Bull. Sun Yatsen Univ. Nat. Sci.] 2: 25. 
pl. 7. 1959) had described a new species, Ternstroemia subrotundifolia, 
from Kwangtung and had cited Tsang 25486, already mentioned above, as 
the type of his species. What startled me even more was that Chang men- 
tioned the fruit as 5-locular with a single seed in each locule. 

Since the Tsang collection was made under the sponsorship of the Arnold 
Arboretum and is not yet distributed, four duplicates of Tsang 25486 have 
been available for my study, thus affording an opportunity to make sev- 
eral dissections of the fruit without destroying the value of the specimens, 
which, after all, are isotypes of Chang’s species. My findings are recorded 
in the table which follows: 


MATURE FRUIT OF Tsang 25486 


No. oF LocuLes No. OF SEEDS SEEDS IN LOCULES 
3 7 4-2-1 
3 6 2-2-2 
3, 5 2-2-1 
& 5 2-2-1 
4 7 1—2-2-2 
4 5 2-1-1-2 
5 7 1—2-1-2-1 


In the seven dissections made from this single collection, the fruits were 
found to have either three, four, or five locules, with three the dominant 
number. The total number of seeds for each fruit varied very little, usu- 
ally five or seven with only one fruit showing six seeds, two to each of 
the three locules. 

Chang in his description (both Latin and Chinese) gives the fruit as 
5-locular, with a single seed in each locule, an arrangement which I did 
not find in any of my observations. Since Chang was working with a 
duplicate of the same collection (Tsang 25486) with which I have worked, 
we can only assume that his finding was made from a single dissection 
and that his finding, although quite ideal, is mere chance. 

The style, being quite short, may persist unbroken into the fruit. It is 
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quite thickened at the base and then divides into three, four, or five short 
branches. In the dried fruit, the branches are usually pressed down, 
brittle, and difficult to separate. I do feel, however, from the examination 
of the material available that the number of branches of the style is the 
same as the number of locules in the ovary or fruit, a conclusion which is 
logical rather than observationally accurate. 

This occurrence of varying numbers of locules in the fruit obviously 
shows that an evolutionary change is taking place. In all of the material 
of Ternstroemia which I have studied from the Eastern Hemisphere I 
have found only one other variant from the 2-loculate ovary and fruit. 
Ternstroemia patens (Korthals) Choisy, a very rare plant of Sumatra, is 
1-loculate in both flower and fruit. Furthermore, a single pendulous 
ovule is found in the ovary, and a single seed in the fruit. One may con- 
sider this the extreme in development. 

It is possible that Ternstroemia kwangtungensis represents a more 
primitive taxon of the genus in transition from a 5-loculate to a 2-loculate 
state. The two sterile locules in the undeveloped fruit of the type might 
be considered further evidence of this transition. 

As far as I know, this taxon has been collected only three times and 
only in Kwangtung. The type was collected by Merrill at Lofaushan, an 
area well known botanically, about 60 miles east-northeast of Canton 
(23° 15’ N, 114° 8’ E). Tsang (25486) collected the type of Ternstroemia 
subrotundifolia at Linfashan (22° 59’ N, 115° 20’ E), which is about 75 
miles southeast of the Lofaushan. Both of these specimens I have exam- 
ined. Chang cited a third specimen (H. Tse 608) collected at Yingtak 
(24° 10’ N, 113° 5’ E), located about 80 miles west-northwest of Lofau- 
shan. These three collections extend over a distance of 150 miles. In 
well-collected Kwangtung, it seems strange that it has not been encoun- 
tered more often, since Tsang commented in his field notes that it was 
“fairly common.” 

Below is recorded a nomenclatural treatment with an amplified descrip- 
tion. 


Ternstroemia kwangtungensis Merrill, Philipp. Jour. Sci. Bot. 13: 
148. 1918.— Melchior, Nat. Pflanzenfam. ed. 2. 21: 141. 1925. 


Ternstroemia subrotundifolia Chang, Zhongsan Daxue Xuebao, Ziran Kexue 
(Bull. Sun Yatsen Univ. Nat. Sci.) 2: 25. pl. 7. 1959 — syn. nov. 


DISTRIBUTION: China (Kwangtung). 


Kwanctunc: Loh Fau Mountain (Lofaushan), in damp, forested gorge, alt. 
ca. 300 m., E. D. Merrill 11013 (a, lectotype* of Ternstroemia kwangtungensis), 
Aug. 29, 1917; Hai-fung Distr., Lin Fa Shan, Pak Shui Chai, W. T. Tsang 
25486 (A, isotype of Ternstroemia subrotundifolia), Aug. 15-24, 1935 (scattered 
shrubs, fairly common, 3 ft. high; fruit red). 


_* The original holotype, deposited in the herbarium of the Philippine Bureau of 
Science, was destroyed during the Second World War, hence this designation of a 
lectotype. 
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Shrub or small tree, 1-4 m. high. Branches and branchlets stout, 5—7 
mm. diameter, rugose, reddish brown, the petiolar scars prominent. Leaves 
thick-coriaceous, elliptic-ovate to suborbicular, 7-9 cm. long, 3-5 mm. 
wide, rounded or obtusely acuminate at the apex, obtuse or broadly cuneate 
at the base, dark green above, tawny or reddish brown and dark-punctate 
beneath, the margin glandular-denticulate, especially along the upper half 
on younger leaves, less obvious on the older leaves, the midrib canaliculate 
above, plane or lightly elevated below, the primary veins 5—7 pairs, quite 
indistinct, curving upward near the margin, the petiole robust, 1.5—2 cm. 
long. Flowers not seen. Fruit axillary, solitary, depressed-globose, 1—1.6 
cm. long, 1.2-1.8 cm. diameter, 3—-locular, occasionally 4- or 5-locular, 
5—7-seeded, the seeds conduplicate, 7-8 mm. long, ca. 6 mm. diameter, 
covered with a tawny, mealy aril; fruiting style short, thick, 1-2 mm. 
long, branching near the apex, the style branches apparently equalling the 
locules in number, each branch topped by a small capitate stigma; fruiting 
pedicel stout, 1-1.5 cm. long, ca. 3 mm. diameter; persistent bracteoles 2, 
opposite, immediately below the calyx, broadly ovate or deltoid-ovate, ca. 
3 mm. long, 4-5 mm. wide at the base, the margin scarious; persistent 
calyx-lobes rounded, ca. 6—7 mm. long and wide. 
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THE CORRECT NAMES FOR “DIOSPYROS EBENASTER” 


RicHARD A. HOWARD 


THE NAME Diospyros ebenaster Retzius has been commonly applied to 
trees from the West Indies, Central America, South America, and many 
areas of tropical Asia. The tree and its fruit are known as black apple or 
sapotte negro. Collectors in both the New and the Old World have sug- 
gested that certain of their collections may represent cultivated plants, but 
some have considered the tree to be indigenous in all of the area cited. The 
occurrence of early historical records of this plant in botanical gardens 
suggests that its use by man may have been the basis for its introduction 
into new areas. It is reported to have an edible fruit, but either the quality 
of the fruit varies, or else individuals vary in their acceptancé of its 
palatability, if one is to believe the conflicting reports. In both hemi- 
spheres, parts of the plant are used by the native peoples as a fish poison. 

The peculiarly widespread distribution of this species has made it diffi- 
cult to determine the country of origin. Scott (Kew Bull. 1915: 65. 1915), 
who reviewed thoroughly the existing literature regarding this species, 
pointed out that “the bulk of the evidence, then, points to Diospyros 
Ebenaster being introduced into the East Indies.” He also pointed out 
that Urban (Symb. Ant. 4: 485. 1910) “is apparently convinced that the 
tree is a native of the West Indies” and that Duss’ (Fl. Phan. Ant. Fr. 390. 
1896) “discoveries leave us no doubt whatever, for he found the tree in 
various wild places” in Guadeloupe. Scott concluded that all records from 
Brazil seemed to indicate that the tree was cultivated, and he summarized 
his findings by saying that “from the evidence we have collected, there- 
fore, we must conclude that the natural habitat of Diospyros Ebenaster, 
Retz., is in the West Indies. With regard to Mexico, it is evident from the 
references quoted . . . that the tree must have existed there for at least 
three centuries . . . It is very probable that the tree was introduced into 
Mexico by the Spaniards, but if this be correct, the introduction must have 
taken place at a very early date.” 

In Montserrat, I have been able to examine trees, called the black apple, 
which would be referred to Diospyros ebenaster and have also seen her- 
barium specimens of this plant from Cuba, Hispaniola, Puerto Rico, 
Guadeloupe, Marie Galante, and Dominica in the West Indies. Excluding 
the collections from Cuba and Haiti, not one of the sheets suggests a plant 
under cultivation, or anything other than a component of the natural 
vegetation. The trees in Montserrat were in native woodland in areas 
which have never been heavily cultivated, having been preserved histor- 
ically as watershed areas. However, a total of seventeen collections from 
Mexico, British Honduras, and Costa Rica has been studied, of which 
three specimens are clearly indicated as being from cultivated plants. From 
these recent collections one might draw evidence in support of Scott’s 
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conclusion that D. ebenaster is a native of the West Indies which has been 
introduced into Mexico and Central America. However, a study of the 
material from these two geographic areas indicates that two species are 
represented, and that it is the Mexican-Central American population 
which has been introduced into the Pacific area, Cuba, Haiti, and Brazil. 
The Mexican-Central American plants have oblong-lanceolate leaf blades 
evenly tapered at both ends or rounded at the base and bluntly acute at 
the apex. The venation is ascending and arcuate, anastomosing near the 
margin. The fruit is borne on a stout pedicel averaging 5 mm. in thick- 
ness and the fruit is 5-6 cm. in diameter. The fruiting calyx is 4-5 cm. 
in diameter with large, broadly ovate lobes, the whole calyx appearing 
undulate or wavy. 

In contrast to this, the ample material obtained for the purpose of study- 
ing variation in Montserrat, supported by additional collections for the 
other islands of the Lesser Antilles, has, on the average, smaller leaves 
which are elliptic-oblong, narrowed at the base, and rounded, obtuse, or 
often emarginate at the apex. The blades appear to have had a heavier 
texture than those of plants from Central America. The venation is 
ascending, but is not arcuate until the veins bifurcate and anastomose near 
the margin of the blade. The fruit is smaller, averaging 3 cm. in diameter, 
although it is noted on Hodge 2091 that the “fruits grow to 3 >< the size 
of this specimen.” More significant, however, is the shape and size of 
the fruiting calyx which, in the largest specimen available, is 1.5 cm. in 
diameter and almost square in surface view, with the calyx lobes scarcely 
indented and the whole calyx flat and coriaceous. Adequate flowering 
material is lacking from both geographic areas. 

The evidence thus indicates that there are in the New World two species 
which have passed as Diospyros ebenaster. Herbarium specimens available 
from the Philippines and Malaysia may be clearly assigned to the taxon 
from Central America. Both species require names. 

Bakhuizen van den Brink, in a revision of the Malaysian Ebenaceae 
(Bull. Jard. Bot. Buitenzorg III. 15: 316-320. 1938), considered Dio- 
spyros ebenaster Retzius to be a probable synonym of D. ebenum and 
renamed the material generally called D. ebenaster as D. nigra (Gmel.) 
Perrottet. Bakhuizen considered this species to be indigenous to the 
Antilles, Brazil, Mexico, Texas, and Florida, and both spontaneous and 
cultivated in the Philippines, Celebes, Mauritius, Réunion, Ceylon, and 
Malacca. In taking up D. nigra, Bakhuizen gave an extensive citation of 
both pre-Linnaean as well as post-Linnaean literature. The basic species 
cited and the supporting literature references, here partly rearranged, are 
the following: 


Diospyros nigra (J. F. Gmel.) Perrottet, Mém. Soc. Linn. Paris 3: 113. 
182: 
Sapota nigra J. F. Gmelin, Syst. Nat. ed. 13. 2: 750. 1791. 


D. digyna Jacq. Hort. Schoenbr. 3: 35. pl. 313. 1798. 
D. revoluta Poir. in Lam. Encycl. Méth. Bot. 5: 435, no. 18. 1804. 
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D. obtusifolia Humb. & Bonpl. ex Willd. Sp. Pl. 4: 1112, no. 17. 1805; HBK. 
Nov. Gen. et Spec. Pl. 3: 253. pl. 247. 1818. 

D. sapotanigra A. DC. Ess. Prop. Méd. Pl. ed. 2. 200. 1816. 

D. sapota Roxb. Flor. Ind. ed. 2. 2: 535. 1832. 

Sapota nigra Blanco, Fl. Filip. 409. 1837. 

D. nigra Blanco, FI. Filip. ed. 2. 211. 1845. 

D. membranacea A. DC. in DC. Prodr. Syst. Nat. 8: 227, no. 20. 1844. 

D. laurifolia A. Rich. Fl. Cub. in Ramon de la Sagra, Hist. Cuba 11: 86. 1853; 
Ramon de la Sagra, Icon. Fl. Cub. Pl. Vasc. pl. 55. 1863. 

D. brasiliensis Mart. ex Miq. in Mart. Flor. Bras. 7: 5. pl. 2, fig. 2. 1856. 

D. Ebenaster Hiern, Monogr. Eben. in Trans. Cambr. Phil. Soc. 12(1, 2): 244. 


no. 125. 1873, non Retzius. 


Although two species are involved in the description and in the ref- 
erences given by Bakhuizen, the name he has chosen cannot be used for 
either one. Apparently Bakhuizen did not see the reference he used for 
Perrottet’s eipthet, for Perrottet did not transfer Gmelin’s name, but de- 
scribed a new species. The article by Perrottet is short and reads “DIO- 
‘SSPYROS nigra Perr. Espéce nouvelle des Philippines que les créoles de 
Mascareigne appellent Sapot negro; son fruit est trés-gros, assez semblable, 
pour la forme, au melon cantaloup galeux” (Mém. Soc. Linn. Paris 3: 113. 
1825). Perrottet further indicated that the plant was cultivated in the 
Mascarene Islands and at Cayenne. 

Gmelin (Syst. nat. ed. 13. 2: 750. 1791) in contrast, had based his de- 
scription on the phrase “‘Sapotte negro” used as a common name, although 
given with a description and illustration, by Sonnerat in his Voyage a la 
Nouvelle Guinée (p. 45. pl. 14-16. 1776) for a plant from the Philippines. 
Although Perrottet, Gmelin, and Sonnerat were all describing the same 
species, Gmelin’s Sapota nigra cannot be transferred to Diospyros be- 
cause of Perrottet’s publication. It is also of interest to note that the 
same plant from the Philippines was described as new by Blanco as 
Sapota nigra (FI. Filip. 409. 1837) and later transferred to Diospyros as 
D. nigra (Blanco) Blanco (FI. Filip. ed. 2. 211. 1845). 


The earliest available name for the Mexican-Central American plant 
introduced in the Pacific Islands is Diospyros digyna Jacquin, based on 
a plant grown in Austria from seeds collected in the Celebes. No type 
specimen of this species exists at Vienna, but the original ink drawing used 
in preparing the published illustration (Hortus Schoenbrunnensis 3: 35. 
pl. 313. 1798) is preserved in the Vienna herbarium. The illustration must 
suffice to typify the species. The drawing of the branch showing the 
leaves, their venation, and the position of the flowers, matches fairly well 
the Pacific Island material of “Sapote negro,” as well as material from 
Mexico and Central America. The calyx, illustrated by Jacquin, appears 
to be that of a staminate flower. The pistil has a pubescent ovary typical 
of that found in recent collections examined from the Old World as well 
as Central America. The Jacquin illustration shows two styles, as indicated 
in the specific epithet, but a comparable abnormality has not been located 
in the staminate flowers examined. Certainly the majority of the char- 
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HoLotyPe oF DIOSPYROS MEMBRANACEA A. DC. From Mauritius. (Pro- 
dromus Herbarium, Geneva. ) 


acteristics to be seen in the illustration are pertinent to the Central 
American species. The common name of ‘“‘false mangosteen” may also be 
considered as support. The correct name and the synonymy of this species 


appears to be: 
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Diospyros digyna Jacq. Hort. Schoenbr. 3: 35. pl. 313. 1798. 


Sapota nigra J. F. Gmelin, Syst. Nat. ed. 13. 2: 750. 1791. 

Diospyros obtusifolia Humb. & Bonpl. ex Willd. Sp. Pl. 4: 1112. 1805; HBK. 
Nov. Gen. Sp. Pl. 3: 253. pl. 247. 1818. 

Diospyros sapota Roxb. FI. Ind. ed. 2. 2: 535. 1832. 

Diospyros sapotanigra A. DC. Ess. Prop. Méd. Pl. 200. 1816. 

Diospyros nigra Perrottet, Mém. Soc. Linn. Paris. 3: 113. 1825. 

Sapota nigra Blanco, FI. Filip. 409. 1837, non Gmelin. 

Diospyros membranacea A. DC. Prodr. 8: 227. 1844. 

Diospyros nigra (Blanco) Blanco, FI. Filip. ed. 2. 211. 1845, non Perrottet. 

Diospyros laurifolia A. Rich. Fl. Cub. in Ramon de la Sagra, Hist. Cuba 11: 
86. 1853; Ramon de la Sagra, Icon. Fl. Cub. Pl. Vasc. pl. 55. 1863. 


Several of these synonyms have not been discussed above. Diospyros 
obtusifolia was based on a plant from Mexico and clearly is to be referred 
here. Diospyros sapota Roxb. has the same basionym as Sapota nigra 
Gmelin in a Sonnerat reference to a plant from the Philippines. Dzo- 
spyros sapotanigra A. DC., attributed to Mexico, is a nomen nudum. 
Diospyros laurifolia A. Rich. is well illustrated and, although from Cuba, 
clearly refers to the Central American species and must represent an intro- 
duced plant. Diospyros membranacea A. DC. was based on a collection 
from Mauritius. A photograph of the holotype which was made available 
through the kindness of Dr. Charles Baehni indicates that this species is 
also to be referred here. Dr. R. E. Vaughan, of Reduit, Mauritius, has 
written me, “I have seen a specimen in the Paris Herbarium collected by 
Commerson in Mauritius C. 1769 so it has been here for a long time. It 
appears in a list of plants growing in the Botanical Gardens, Pample- 
mousses in 1785 under the name ‘Sapotte negro des Molucques.’ ” 

I have seen no specimens determined as Diospyros brasiliensis which 
Miquel attributed to Martius (Flor. Bras. 7: 5. pl. 2, fig. 2. 1856), but 
the species was collected by Pohl in Brazil and, judging from the illustra- 
tion, may well be assigned to the synonymy of D. digyna. 

Bakhuizen’s reference to Diospyros nigra occurring in Texas and Florida 
was not supported by cited specimens, and I have seen no cultivated 
specimens from either state. 

The date or the path of the introduction and the distribution of the 
Mexican-Central American sapote negro to the Pacific area cannot be de- 
termined. It is clear, however, that the plants of the Pacific area called 
Diospyros ebenaster Retzius by many authors and D. nigra by Bakhuizen 
originated in Mexico-Central America and are correctly called D. digyna 
Jacq. 


The native plant of the Lesser Antilles (with one record from Puerto 
Rico) is distinct, although previous authors have placed it with the species 
just discussed. The correct name for this plant is Diospyros revoluta 
Poiret (Lamarck, Encycl. Méth. Bot. 5: 435. 1806), and it was origi- 
nally described as follows: 
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Diospyros foliis obovatis, obtusis, glaberrimis; pedunculis solitariis, reflexis ; 
calicibus profunde lobatis. (N). 


Les tiges des jeune rameaux sont striées, presqu’anguleuses, munies de feuilles 
alternes, pétiolées, coriaces, trés-glabres, luisantes, ovales, rétrécies, aigués a 
leur base, arrondies a leur sommet, longues de quatre 4 cinq pouces, larges au 
moins des deux, supportées par des pétioles trés courts, marquées de nervures 
confluentes 4 leurs bords. Les fleurs sont axillaires, solitaires, munies de pé- 
doncules courts, fortement recourbés: leur calice est glabre, persistant, coriace 
divisé en quatre grands lobes profonds, arrondis. Les quatre divisions du tube 
de la corolle sont équalement réfléchies en dehors sur le jeune fruit. Celui-ci 
est un baie glabre, arrondie, d’une médiocre grosseur. 

Cette plant est originaire de |’Amérique méridionale. Elle a été communiquée 
par M. Vahl a M. Jussieu. [symbol for a shrub] (V. S. fruct. in herb. Juss.) 


I have been unable to secure information regarding the existence of a 
specimen in the Jussieu Herbarium in Paris. In the Copenhagen herbarium 
there is a specimen studied by Vahl which was collected by Ryan in 
Montserrat. Associated with the specimen is a complete diagnosis in 
Latin, with the name Diospyros revoluta. The specimen was originally 
identified as D. tetrasperma Sw. and then considered to be a different and 
new species. Vahl sent the information, and perhaps a specimen, to 
Jussieu. The specimen and both the Latin and the French diagnoses agree 
with the Lesser Antillean plants commonly known as D. ebenaster Retzius. 
Diospyros revoluta apparently has not been transferred by man to other 
areas, and the following records appear to represent native plants of the 
West Indies. 

Dominica: Calibishie, W. H. & B. T. Hodge 3177 (cH); Laudat, W. H. 
Hodge 2091 (cH); between Salybia and Concorde Valley in Carib Reserve, 
W.H.& B.T. Hodge 3282 (cH); Pointe Rond to Milton Estate, W. H. &. B. T. 
Hodge 2676 (Gu). Marte GALANTE: Pointe de Folle Anse, Proctor 21068 (A). 
MonrTSERRAT: Without specific location, Ryan (type); Salem, Shafer 559 (us), 
Proctor 18897 (a), Howard 15104, 15117 (A). Puerto Rico: La Sardinera, 
Britton 8508 (GH); Toa-alta, Stahl 872 (cH). 


This species is known as “babara” in Dominica and as the “black apple” 
in Montserrat. It is used as a fish poison in both areas. 
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IsoTYPE OF DIOSPYROS REVOLUTA PorreT. Specimen from the Botanical Mu- 
seum, University of Copenhagen, collected by Ryan in Montserrat. 
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A NEW SPECIES OF PINUS FROM MEXICO! 


JoHN W. ANDRESEN AND JOHN H. BEAMAN 


THE summit of Cerro Potosi, possibly the highest mountain in the state 
of Nuevo Leén, Mexico, is encircled by a timberline made up of two 
species of pines. One of these is Pinus hartwegii Lindl., the dominant 
timberline species on the high volcanoes of southern Mexico. The other 
is a dwarf pifion not previously described. The pine which Muller (1937, 
1939) called P. flexilis James is this species. The localities indicated by 
Martinez (1948, p. 108) under P. flexilis may refer to the new species, but 
the specimen he illustrated (p. 105, fig. 72) includes a cone which is 
definitely that of P. flexilis. We therefore cannot be certain that P. flexilis 
does not also occur on Cerro Potosi, although we did not find it there. 
The appearance of timberline on Cerro Potosi (Fic. 1) is similar to areas 
where P. flexilis occurs in the Rocky Mountains, but the two species re- 
semble each other only in superficial habit and leaf characters. Their 
cones are very different. Pinus flexilis is a member of the subsection 
Cembra, group Flexiles (sensu Shaw, 1914). The new species belongs to 
subsection Paracembra, group Cembroides. Specimens in the Herbarium 
of the Chicago Natural History Museum were properly considered to be- 
long to the pion group by Dr. J. A. Steyermark, who, in 1940, annotated 
them as P. cembroides Zucc. The Schneider specimens in that Herbarium 
have also been previously determined as P. quadrifolia Parry ex Parl. 


Pinus culminicola Andresen & Beaman, sp. nov. Fics. 2-4. 


DESCRIPTION OF THE SPECIES. Widely branching shrub 1-5 m. high 
with dense crown; leaves 5 per fascicle (rarely 4 or 6), 3-4.9 cm. long, 
1—1.3 mm. thick, remotely serrulate, incurved in dense clusters at the ends 
of thick branchlets, glaucous ventrally, blue-green dorsally, stomata on 
ventral surfaces only, apices rounded and conspicuously cutinized; fascicle 
sheathes of young leaves 6-8 mm. long, stramineous, later becoming curled 
into persistent rosettes; conelets ovate, subsessile, single or in pairs, 8 mm. 
wide, 11 mm. long, rufous-brown, with short-mucronate scales; cones sub- 
globose, 3.2-4.5 cm. long, 3.5-4 cm. wide; cone scales 50-60, inner and 
outer surfaces (exclusive of apophyses and seed cavities) stramineous; 
apophyses slightly raised, subrhomboidal, stramineous- to chestnut-brown, 
laterally keeled, convex above and below the umbo, those of the largest 
scales 1.8 cm. wide, 1.3 cm. high, 3 mm. thick; umbo dorsal, rhomboidal, 
minutely appendaged; seed-bearing cavity 9 mm. long, 6 mm. wide; seeds 
not seen, apparently unwinged, 1 or 2 per scale. 


2 Supported by grants G-9045 and G-15879 from the National Science Foundation 
and by a grant from the Scientific Council of the American Museum of Natural His- 


tory. 
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DIAGNOSIS TYPICI EXEMPLARIS. Frutex, 1 m. altus, coma effusa; folia 
34.9 cm. longa, 1-1.3 mm. crassa, quinque in fasciculo, ad margines remote 
serrulata, rigida, incurva densaque, ad terminos aggregata, ventrale glauca, 
dorsale caeruleo-viridia, cum stomatis solum ventralibus; vaginae 6-8 mm. 
longae, in brevi tempore crispae-rosulatae; strobilus subsessilis, sub- 
globosus, 4.5 cm. longus, 4 cm. latus; squamae stramineae; apophyses 
subrhomboideae, fulvo-spadices, a latere carinatae, supra et subter con- 
vexae, maxima earum 1.8 cm. lata, 1.3 cm. alta, circa 3 mm. crassa; umbo 
dorsalis, rhomboideus, cum appendiculis minutis; cavum ubi semen posi- 
tum 9 mm. longum, 6 mm. latum; semina ignota, evidenter sine alis, 1 vel 
2 per squamam.” 


. 


Fic. 1. Aspect of timberline on Cerro Potosi. The dominant low shrub is 
Pinus culmimecola. The erect, longer-leaved pine in the foreground and the 
tree on the horizon are P. hartwegit. 


Type. Mexico. NuEvo LEON: Cerro Potosi, near top of mountain, ca. 3600 m. 
alt., in dense stand at timberline in soil weathered from hard, gray limestone 
Beaman 2675 (msc 164008, holotype; A, US, isotypes). 


OTHER SPECIMENS EXAMINED. Nuevo LEON: Northeast summit of Cerro 
Potosi, ca. 3650 m. alt., Andresen 666 (msc); Sierra Madre Oriental, ascent of 
Sierra Potosi by north hogback about 20 miles NE. of Galeana, alt. 11,600 ft., 


* We are grateful to Dr. Mladen Kabalin for editing the Latin diagnosis. 


1961] ANDRESEN & BEAMAN, NEW SPECIES OF PINUS 439 


Mueller & Mueller 1241 (A, F, MICH, Mo); the peak of Cerro Potosi, Municipio 
de Galeana, Mueller 2261 (A, F, MICH, Mo); at timberline on Cerro Potosi, Mu- 
nicipio de Galeana, 12,100 ft. alt., Schneider 957 (r, 2 sheets) .3 


Only three species of pifions (Pinus cembroides, P. nelsonii Shaw, and P. 
pinceana Gord.) were recognized by Shaw (1914). Pinus nelsonii and P. 
pinceana are Mexican species with a limited distribution and conspicuous 
cone characters. Pinus cembroides (sensu Shaw) is widely distributed in 
the western United States and Mexico. Its variability is such that four 
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Fics. 2-4. Branch, cone, and leaf fascicle of Pinus culminicola. 2, Branch 
showing dense, clustered fascicles of incurved leaves and enlarging candle (X 
2/3). 3, Cone with details of apophyses and umbos (x 2/3). 4, Portion of five- 
leaved fascicle with rosulate, persistent sheath (x 4 2/3). Drawings by Nancy 
R. Halliday. 


* We appreciate the privilege of examining the specimens in the herbaria cited. 
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segregate species (P. cembroides, sensu stricto; P. monophylla Torr. & 
Frem.; P. edulis Engelm. in Wisliz.; and P. quadrifolia) have been main- 
tained by several other authors. Shaw did not attribute much importance 
to the leaf characters by which these species can be distinguished, but to 
us they appear to have considerable value. The leaf differences are also 
correlated with cone characters of diagnostic value (cf. Little, 1950). 
Likewise, Mirov (1953) noted that the three species of the P. cembroides 
complex which he examined are not the same chemically. Differences be- 
tween the species are evident in areas where their ranges overlap, suggest- 
ing the presence of genetic isolating barriers. The recognition of these 
taxa as species therefore seems preferable to the alternative of placing 
them at an infraspecific level. 

Pinus culminicola and the four other species of the P. cembroides com- 
plex are separated from each other by characters of about the same magni- 
tude. Probably the closest relationships of the new species are with P. 
edulis and P. quadrifolia. The most conspicuous character for distinguish- 
ing P. culminicola from its relatives is the five-leaved fascicle. Its cones 
are larger than those of P. cembroides, smaller than those of P. mono phylla, 
and about the same size as those of P. edulis and P. quadrifolia. In hab- 
itat P. culminicola differs greatly from the other pinons which are found 
mostly in semiarid regions at the lower limit of forest vegetation. This 
species occurs in less arid circumstances at the upper forest limit. Prob- 
ably no other species of pinon occurs as high as 3000 meters, while the 
lower altitudinal limit of P. culminicola is around 3400 meters. 

Pinus culminicola and P. cembroides are essentially sympatric. The 
latter occurs abundantly near the base of Cerro Potosi (cf. Martinez, 
1948, p. 85). We have compared the collection Andresen 675 (msc) of 
P. cembroides from 8 km. south of Galeana, Nuevo Leon, with P. cul- 
minicola and found the two species very different in characters of the cones, 
foliage, branches, and habit. The ranges of P. culminicola and P. cem- 
broides are altitudinally separated but are close enough that pollen ex- 
change is theoretically possible. Their distinctness is nevertheless main- 
tained. 

Since pines are conspicuous plants of considerable economic importance 
they have been frequently collected and studied. Probably almost all of 
the species of the genus are already known, but it is not entirely surprising 
that a new species should be found on Cerro Potosi where endemics are 
common. For example, Muller (1939) noted that six of 16 species he listed 
from the alpine meadow were collected for the first time in 1934 and 
1935. The high elevation of the mountain (probably ca. 3650 meters), its 
geological age, and its wide geographical separation from the Rocky Moun- 
tains and the Mexican volcanoes are responsible for the high rate of 
endemism. As the flora of Cerro Potosi becomes better studied probably 
still more new species will be found there. 
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FIBERS IN ‘THE SECONDARY XYLEM OF AESCHYNOMENE 


U. PRAKASH 


WHILE WorKING on the petrified woods from the Deccan Intertrappean 
beds of India, I encountered a fossil wood which proved to belong to the 
genus Aeschynomene, of the family Leguminosae. In the course of this 
identification, doubts arose as to the proper interpretation of the ground- 
mass of the secondary xylem in Aeschynomene. Solereder (1908, pp. 275— 
276, fig. 117a; Taubert, 1894, p. 319) and Metcalfe and Chalk (1950, p. 
523, figs. 117a—-d) report that the parenchyma constitutes the greater part 
of the tissues in this genus and forms a ground-mass in which groups of 
fibers and vessels are distributed. Indeed, the elements of the ground-mass 
very much resemble those of fusiform parenchyma cells. However, my own 
investigation shows a different interpretation. 

Thin sections of the woods of Aeschynomene hispida Willd. (Yw * 
2169), A. cf. aspera L. (Yw 37202), A. sensitiva Sw. (Yw 43509), and an 
unidentified species (Yw 16552) were examined. These preparations were 
made from dried material in which, unfortunately the protoplasmic contents 
and the starch grains were no longer visible. Professor I. W. Bailey sug- 
gested that the ground-mass appeared to be composed of fibers. He further 
suggested that this could be confirmed from fresh material of Aeschynomene 
and by examining it without hydrofluoric acid treatment. Through the 
courtesy of Dr. P. T. Richards, of the Imperial College of Tropical Agri- 
culture, Trinidad, West Indies, I secured fresh material of Aeschynomene 
sensitiva Sw. collected in Trinidad and preserved in formalin-acetic- 
alcohol. The present study is based on this material which was sectioned 
at 20-25 micra and stained in Haidenhain’s iron-alum haematoxylin and 
safranin. A part of the wood was also macerated in chromic-nitric acid. 

As the objective of this study was to ascertain the nature of the ground- 
mass of Aeschynomene, i.e., whether it is parenchymatous or fibrous, the 
observations given here are confined to the secondary wood. The micro- 
scopic examination of the cells forming the ground-mass shows that they 
are devoid of protoplasmic contents and do not possess starch grains (Fics. 
2, 5). This indicates their nonliving condition in the mature wood and, 
hence, their fibrous nature. It is interesting to note that this tissue shows 
a variety of cell structures, from libriform fibers to intermediate forms 
which are difficult to classify (Fic. 1b-f), culminating in a type of cell 
similar in shape to the fusiform cambial initials. In addition to these 
prosenchymatous cells, but excluding cells of ray parenchyma, there are 
other types in the secondary xylem which possess protoplasmic con- 
tents with nuclei, as well as starch grains (Fic. 6). These are the true 


* Record Memorial Wood Collection, Yale University; citation of wood specimens 
as proposed by Stern and Chambers, Taxon 9: 1. 1960. 
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parenchymatous cells forming the longitudinal parenchyma of the wood. 
Their parenchymatous nature is also shown in some cases by the presence 
of septa, forming strands of two to four cells (Fic. 5). In the present 
species the longitudinal parenchyma is usually associated with the vessels 
in a scanty, abaxial and aliform to confluent distribution (Fics. 2, 4). 

A study of different forms of fiber and longitudinal parenchyma cells 
shows that the fusiform cambial initials differentiate two types of cells: 
(1) fusiform parenchyma cells, which may divide into parenchyma strands 
of two to four cells (Fics. 5, 1b 1, b?), and (2) libriform fibers, with long, 
attenuated ends, which are associated with a series of cell types of various 
shapes, including those possessing a form like that of fusiform cambial 
initials (Fic. 1b-f). 
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Fic. 1. Semidiagrammatic camera lucida sketch showing various types of 
fiber and parenchyma cells in Aeschynomene sensitiva, X 235. Parenchyma cells 
contain starch grains (s). See explanation in text. 


From the above considerations it is quite evident that the fibers con- 
stitute the greater part of the tissues in the secondary wood of Aeschyno- 
mene and form a ground-mass in which the parenchyma and vessels are 
distributed. In view of these interpretations, the wood of Aeschynomene 
sensitiva Sw. is described below. 

Growth rings: Not seen. Vessels: Small, 20-65 p», in tangential diameter 
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(mean 42 ,»), chiefly solitary, occasionally in multiples of 2—4 cells or 
rarely in clusters (Fic. 2), quite uniform in size and evenly distributed, 
thin walled; solitary vessels mostly polygonal to oval in cross section. 
Vessel elements 90-210 » long, with truncate to oblique end walls. Perfora- 
tion plates exclusively simple, horizontal to slightly oblique. Intervascular 
pit-pairs vestured, alternate to opposite or subopposite, orbicular to oval 
in cross section, 7-10 » in diameter, with linear to lenticular apertures, 
sometimes coalescent (Fic. 7). Tyloses absent. 

Parenchyma: Paratracheal, scanty abaxial or vasicentric, sometimes 
forming irregular wings which rarely unite to form confluent parenchyma 
(Fics. 2, 4); rarely isolated diffuse parenchyma cells also seen among the 
fibers. Parenchyma cells storied, thin walled, angular in cross section, 
10-18 » in diameter and containing nucleus, starch grains, cytoplasm, and 
protoplasmic contents (Fics. 4-6). Parenchyma cells fusiform or in 2—4- 
celled strands (Fic. 5), sometimes chambered with solitary crystals in each 
chamber. 

Xylem rays: Homogeneous (Kribs Homogeneous Type 3) composed of 
procumbent cells, storied, mostly uniseriate, sometimes biseriate (Fic. 5), 
rarely quite broad and containing vascular strands; uniseriate rays 1-24 
(often 8-10) cells high; up to 10-15 rays per mm. Ray cells variously 
shaped, square, rectangular, oval to oblong and rarely pointed at one end, 
containing starch grains (Fic. 5). 

Imperforate tracheary elements: Mostly thin walled, sometimes slightly 
thicker walled, especially near the vessels, and extending tangentially 
from them (Fic. 3), usually polygonal (mostly 5 or 6 sided) in cross sec- 
tion with large lumina, about 10-25 yw in diameter (Fics. 2, 3, 4); non- 
septate; storied (Fic. 5); pits simple, slightly more numerous on the radial 
than on the tangential walls, often appearing to be arranged in groups 
(Fic. 1b-f); pitting often markedly more abundant on and near the 
pyramidal walls. Cells variously shaped in longitudinal section (Fic. 
1b-f), varying from libriform fibers to a fusiform type. 


The author wishes to express his sincere appreciation to Professor Elso 
S. Barghoorn for his kind advice and for his critical reading of the manu- 
script. To Professor I. W. Bailey are extended many thanks for his help 
in cutting microtome sections of the wood of Aeschynomene sensitiva and 
for his many valuable suggestions. Dr. P. T. Richards, of the Imperial 
College of Tropical Agriculture, Trinidad, and Dr. William L. Stern (then 
curator of the S. J. Record Memorial Collection, Yale University), curator, 
Division of Woods, National Museum, Smithsonian Institution, Washing- 
ton, D. C., have kindly made available woods of extant species of 
Aeschynomene, for which the author is greatly indebted. This study was 
completed while the author was a participant in the Visiting Research 
Scientists Program of the National Academy of Sciences, Washington, 
D. C., to which he is grateful for financial assistance. 


DEPARTMENT OF BIOLoGy, 
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EXPLANATION OF PLATE 


Fics. 2-7. Modern wood of Aeschynomene sensitiva. 2, Transverse section, 
x 50 — note vessel and parenchyma distribution; parenchyma cells appear 
black due to presence of starch grains in them. 3, Transverse section magnified 
to show the distribution of thick-walled fibers XX 140. 4, Transverse section 
magnified, X 140—note paratracheal parenchyma with starch grains (shaded 
black). 5, Tangential section, X 140—note storied rays, fibers, and paren- 
chyma. 6, Longitudinal section of a parenchyma and a fiber cell, 455 — note 
starch grains and nucleus in the parenchyma cell. 7, Intervascular pitting, x 180. 
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THE DIRECTOR’S REPORT 


THE ARNOLD ARBORETUM DurRING THE FiscaL YEAR ENDED 
JuNE 30, 1961 


The Staff: 


It is with regret that we record here the death of Joseph Horace Faull, 
professor of forest pathology, emeritus. Professor Faull joined the staff 
of the Arnold Arboretum on July 1, 1928. A special laboratory was built 
for this area of research on the grounds of the Bussey Institution, and 
within a few years a greenhouse was added. Professor Faull, his students, 
and associates were among the first to recognize the significance of an 
arboretum with its massed collections of related species as a locale for 
the study of diseases of ornamental plants. To him and his team must 
go credit for the early work involving a service to the public in the 
identification and control of plant diseases now commonly carried on by 
state and federal experiment stations. From his laboratory came the 
early identification of a disease first found in this country in Ohio and 
now known as the Dutch elm disease. He warned prophetically of the 
danger of this fungus. In the course of his work, he and his students pub- 
lished studies of the fungal diseases of many genera of ornamental plants, 
including Gleditsia, Cornus, Abies, Pinus, Picea, and Fagus. Dr. Faull 
taught a class in forest pathology in Harvard College and guided the pro- 
grams of nearly a dozen graduate students, many of whom have also 
achieved success in their field. Dr. Faull retired in 1940 but remained 
active in his laboratory for several additional years. Regrettably his posi- 
tion vacated during a shortage of skilled personnel concurrent with World 
War II could not be immediately filled and after the war was not con- 
tinued due to a lack of funds. Dr. Faull’s extensive herbarium of fungus 
diseases of cultivated plants was transferred to the Farlow Herbarium 
in Cambridge. Dr. Faull died on June 30, 1961, at the age of 91. A 
biographic report of his life will be prepared by his daughter, Dr. Anna 
Faull, for publication in a later issue of the Journal of the Arnold Arbo- 
retum. 

On January 1, 1961, Mr. Peter S. Green joined the staff of the 
Arboretum. Formerly scientific officer at the Royal Botanic Garden, 
Edinburgh, Scotland, Mr. Green has been studying various genera of the 
Oleaceae, his special interest being in the cultivated genera Osmanthus 
and Jasminum. Mr. Green will continue his studies in this family, while 
at the same time serving as a horticultural taxonomist. 
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Dr. George K. Brizicky was appointed jointly with the Gray Herbarium 
to work with Dr. Wood on the flora of the Southeastern States. Dr. 
Brizicky replaces Dr. Kenneth A. Wilson, who resigned to accept a posi- 
tion at San Fernando Valley State College, Northridge, California. 

Mr. Don M. A. Jayaweera, director of the Royal Botanic Garden, 
Peradeniya, Ceylon, and the holder of a Rockefeller Foundation Fellow- 
ship, was appointed as a Research Fellow at the Arboretum for the fiscal 
year. Mr. Jayaweera has worked with staff members in the herbarium 
on taxonomic problems of some cultivated and native plants of Ceylon 
and adjacent areas. He is also revising some of his work on the orchids 
of Ceylon through the use of the Orchid Herbarium of Oakes Ames, 
housed in the Harvard University Herbarium building. 

Mr. Peter Tigerstedt, co-director of the Mustilla Arboretum, Mustilla, 
Finland, was appointed as the first Mercer Fellow at the Arnold Arboretum 
for the spring semester. Mr. Tigerstedt is the grandson of the founder of 
the Mustilla Arboretum who in the early days of the Arnold Arboretum 
was a correspondent of Charles Sargent. The Mustilla Arboretum, which 
is the northernmost in Europe, has received many plants from the Arnold 
Arboretum in past years. Mr. Tigerstedt took part in a variety of the 
activities of the Arboretum staff to acquaint himself with our methods 
and procedures. 

The promotion of Dr. Lorin I. Nevling, Jr., to the position of associate 
curator of the herbarium was recommended and approved. Dr. Nevling 
also serves as assistant editor of the Journal of the Arnold Arboretum. 

It is a special pleasure to record the honors awarded to several staff 
members. At the fiftieth anniversary of the College of Forestry, at 
Syracuse University, Irving W. Bailey, professor of plant anatomy, 
emeritus, was honored with the degree of Doctor of Science, honoris causa, 
with the following citation: 


Irvinc WIDMER BAILEY, your name is synonymous with the role of re- 
search in the development of forestry. Your dedication to truth, zeal in 
research, and capacity to see the unexpected are gifts you have used to enhance 
and ennoble all the lives you have touched. Your solid and creative scholarship 
still guides and challenges forestry research. We honor you as forestry’s pre- 
eminent wood anatomist and botanist and a truly inspired teacher.” 


Professor Karl Sax, professor of botany, emeritus, was honored on 
November 11, 1960, with a citation from the American Horticultural 
Council in annual meeting at Pasadena, California. Special notice was 
given to the many contributions in cytology and genetics and to the 
breeding of ornamental plants completed by Dr. Sax while an active 
staff member of the Arboretum. 

Dr. Donald Wyman, horticulturist, was elected president of the American 
Horticultural Society for the coming year. 

Two other resignations were accepted during the year. Miss Ann Close, 
business secretary, resigned and was replaced by Miss Anne Woolf. Miss 
Ann Waterman, assistant librarian, resigned to accept a position as 
librarian at the Pennsylvania Horticultural Society. 
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Horticulture: 


Throughout the history of the Arnold Arboretum various directors have 
pointed out that.in its location in the vicinity of Boston its plants are 
subjected to one of the most arduous and variable environments of any 
of the world’s arboreta. Few areas of the world can show the vagaries of 
climatic conditions which our plants experienced during the past year. 
A summer of subnormal heat and rainfall was followed by the effects 
of hurricane “Donna” which hit the collections of the Arnold Arboretum 
on September 12, 1960. Although in comparison with hurricanes of pre- 
vious years the loss was slight, our plants experienced severe branch 
damage which kept two tree pruners busy throughout the fall and winter 
months repairing and protecting the trees and shrubs affected by the 
strong winds. Although only thirteen trees were broken to a degree that 
required their removal, as frequently happens, three of these were trees 
familiar to the general public in conspicuous places on the grounds. The 
disfigurement of trees through the loss of branches, however, was severe. 
There are lasting effects of hurricanes in injury to root systems, and the 
growth of damaged specimens is generally poor in succeeding years. The 
superintendent and his staff succeeded in pulling to an erect position 
several dozen trees blown over by the storm. 

Although we were fortunate in having a mild winter at first, allowing 
these plants to become re-established, our New England winter demon- 
strated once again the severity of environmental conditions in the area 
after the first of the new year. During February and March the Boston 
area experienced a record-tying cold spell when the temperature in 
Jamaica Plain did not rise above the freezing mark for twenty-six succes- 
sive days. Subzero temperatures at night were frequent both during the 
period and in the days that followed. Fortunately, a heavy snowfall 
was on the ground during this period, and this, coupled with the heavy 
mulch which the staff deems desirable around the plants, protected the 
root systems. As a consequence this spring, irregular flowering or a 
complete lack of flowering in many plants that form flower buds in late 
summer and fall, the death of branch systems which necessitated heavy 
pruning, and the complete loss of many of the more tender species, were 
found. Throughout the “spring season” the Arboretum collections ap- 
peared to be behind what is considered the normal sequence of develop- 
ment. Much remains to be learned from continuing observation and re- 
cording of environmental conditions and subsequent flowering of plants 
in the Arboretum collections. The development of new greenhouse facili- 
ties for the Arboretum should allow not only the experimental duplication 
of some of these unusual environmental effects but a complete testing of 
the variations in the handling of such plants as an aid to their survival 
in our area. 

The approval in principle by the President and Fellows of Harvard 
University as trustees of the Arnold Arboretum for the construction of 
a headhouse and new greenhouses for the Arboretum was reported last 
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year. During the current fiscal year much time and effort have been spent 
on this development, and it is a pleasure to report that construction is 
now under way. The firm of Griswold, Boyden, Wylde and Ames, of 
Boston, was selected as the architects and approved by the Corporation. 
The plans developed were discussed and checked with the staff members 
involved in each field, for the new greenhouse will house the propagation 
staff, a laboratory suitable for morphological, cytological, and genetical 
investigations, and a conference room for staff meetings and discussions. 
The main building (the headhouse) is designed to facilitate work in the 
area of propagation of woody plants, equipped as it will be with cold 
chambers for experimentation for hardiness, seed dormancy, flower initia- 
tion, and general problems of plant growth as these are related to the 
Arboretum’s interests. A small apartment will be located on a second 
floor to enable a staff member to live on the grounds and be associated 
with the continual care which nursery and greenhouse collections require. 
Three greenhouses (with space for a fourth) are provided with automatic 
controls, insofar as possible, offering several environmental areas for 
experimentation. A pit house with a mechanism for heating and cooling 
is capable of extending either a warm fall or a cold spring season and 
will offer numerous research possibilities. A hexagonal display house for 
bonsai and a shade house for nursery stock complete the construction 
plans. The entire area will be surrounded by a chain link fence which 
hopefully will afford a security lacking in our present nursery area. 

The new location, to be known as 1050 Centre Street, represents land 
acquired as three purchases in 1924, 1926, and 1927 from the Adams 
Nervine Hospital. Purchase at that time was by means of special contri- 
butions for the purpose. Regrettably, all of the top soil had been removed 
from one area prior to its sale, and in recent years this land has been of 
little value. Currently a program is under way to replace the top soil 
and to build up the fertility of the area for its future use for nursery 
or display plants. Fortunately, an abundance of top soil, which can be 
used for regrading the greenhouse area, has been encountered in the 
excavations for the basement of the headhouse and for the pit house. 
A new road will be constructed from the Arboretum proper, departing 
from the existing road system near the upper part of the lilac collection. 
This entrance will reduce the need to enter or depart from the busy 
Centre Street section. 

The new greenhouses will allow a further development of many aspects 
of the work of the Arboretum staff. The greenhouses will not contain 
display collections and will not normally be open for public inspection 
but will function in the scope of the indenture which established the 
Arnold Arboretum for the growth and study of plants hardy to New 
England and for the research of the staff. The construction of the green- 
houses at this time without a special financial drive for construction 
funds is possible by the use of the income from the bequest of Mrs. 
William Dana Mercer. A suitable plaque is planned for the interior of 
the building. A ground-breaking ceremony was held on May 12th during 
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a meeting of the Board of Overseers’ Committee to Visit the Arnold 
Arboretum. Token shovels of soil were lifted by Dr. Bradford Washburn, 
chairman of the committee; Dr. Nathan M. Pusey, president of Harvard 
University; Dr. George M. Taylor, director of the Royal Botanic Gardens, 
Kew, both as a member of the Visiting Committee and in behalf of 
other arboreta; Mr. Martin Walsh, chairman of “the Board of Park 
Commissioners of the City of Boston; and by Dr. Howard, director, for 
the Arboretum staff. Construction and occupancy are expected to be 
completed during the next fiscal year. 


Breaking ground for the new greenhouses of the Arnold Arboretum, May 12, 
1961. Front, left to right: President Nathan M. Pusey, Mr. Martin F. Walsh, 
Dr. Bradford Washburn, Dr. George Taylor, and Dr. Richard Howard. Rear, 
left to right: Mr. Lincoln Boyden, Jr. (architect), Dr. Donald Wyman, Mr. 
D. M. A. Jayaweera, Mr. Chester E. Bond (contractor), and members of the 
ae to Visit the Arnold Arboretum, including far right, Mr. Sidney 

urcliff. 


In a continuation of the annual maintenance program for the Arboretum 
grounds the Department of Parks and Recreation of the City of Boston 
rebuilt or replaced all of the concrete and wood-slatted benches in the 
Arboretum. These reconditioned benches freshly painted a dark green 
make the grounds more attractive for the visitors. The department was 
also responsible for painting the gates to the Arboretum and for the 
replacement of defective fire hydrants within the grounds. 

It is hoped in future years to continue to resurface many of the 
roads within the Arboretum and to complete the fencing of the property. 
Regrettably the Arboretum has never been completely fenced, and theft 
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and vandalism continue. In spite of increased protection supplied by 
the Boston Police Department twenty-five choice evergreens were stolen 
during the year, some within twenty-four hours of being planted. Mis- 
cellaneous acts of vandalism continue and are annoying and expensive 
in the demands on staff time. Various steps for better protection are 
under consideration. Currently the roadway gates at the Arboretum are 
open from sunrise to sunset and the pedestrian gates continuously, al- 
though the staff is present only during the usual working hours. A staff 
police force or a restriction in the visiting hours may be required within 
the next few years, but a sizeable expenditure for fencing must be made 
first. 

During the year about 280 species and cultivars were added to the 
Jamaica Plain collection from the nursery area in Weston. Included were 
approximately 60 Rhododendron plants which were added to the steep 
bank-planting on Hemlock Hill near the South Street gate. Additional 
selected lilac plants were placed near the walk in the lilac collection to 
continue a program of revising this collection to display all of the culti- 
vars considered in the Lilac Committee’s list of 100 best varieties. Addi- 
tional plantings were made on the outcrop of Roxbury conglomerate 
known as the “rockery.” It is hoped that dwarf plants and a heavier mulch 
will aid plants to survive in this difficult yet intriguing area. We were 
fortunate to continue to receive horse manure for the trucking and have 
added each week about six truck loads obtained from local stables. Smaller 
amounts of wood shavings, approximately one truck load per week, are do- 
nated for the hauling by a local lumber yard, and a truck load of cocoa 
shells was donated by the Hershey Chocolate Company with delivery sup- 
plied. 

The hedge collection located near the Bussey Building has received 
special attention during the year. It is planned to relocate this collection 
near the new greenhouses. Ground has been prepared for these plants 
and the old collection has been root pruned in preparation for moving. 

In October 1960, the Arboretum staff was notified that legislation filed 
by Representative James J. Craven, Jr., of Ward 19, had been approved 
by the General Court. This act provided for a swap of land involving 
a 17-acre tract of property owned by Harvard but adjacent to Arboretum 
property, between South Street and the New Haven Railroad for land 
owned by the Metropolitan District Commission in Randolph, Massachu- 
setts, and a cash settlement. The Randolph property would then be used 
by the Medical School with another cash settlement to the Arnold 
Arboretum. There was considerable publicity during the election cam- 
paign of the benefits to the public of the playground and picnic area 
planned adjacent to the Arboretum. Although this transfer of land title 
may occur eventually, legal considerations have delayed positive action. 
All of the Salix and Populus species which grow in the marshy tract have 
been propagated for replanting elsewhere on the grounds. 

Many of the activities of the propagator and his assistants were con- 
cerned with the design and the future relocation of the greenhouse. Thus, 
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Apove: A portion of the collections of Rhododendron and Cytisus species 


on Bussey Hill. 
BELow: Placing a barrier to protect small plants against sledding. 


during the year 363 taxa in our general collections were propagated, these 
representing plants too large to be moved, plants needing replacement 
due to age or condition, or plants represented by insufficient individuals 
in our general plantings. In addition, another 103 taxa were propagated 
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from our general collections in response to specific requests from other 
gardens or individual scientists. The Arboretum staff members made 
requests for propagating material of 116 taxa for use in experimental or 
taxonomic or cytological studies. The propagator has also collaborated 
with the taxonomists in supplying information on propagation to be pub- 
lished with taxonomic studies of cultivated plants. For experimental 
projects involving the hardiness of cuttings or young plants 76 taxa were 
processed, and 104 taxa as seeds and 49 taxa as cuttings were subjected 
to experimental procedures for information relative to improving tech- 
niques of propagation of these taxa. During the fiscal year a total of 
270 shipments of plant material comprising 1105 taxa was sent to co- 
Operating nurseries and other arboreta in the United States and twelve 
other countries. Of these, 190 were sent as seeds and 915 as cuttings or 
plants, indicating the growing need and desire for reliable propagating 
material to represent the taxon and the lessening interest in seeds with 
their possibilities for hybrid contamination. From other sources repre- 
senting the United States and 21 other countries, the Arboretum re- 
ceived 227 shipments of living plants or propagating materials comprising 
705 taxa and 47 shipments of seeds of 118 taxa. 

Experimental work conducted in the greenhouses concerned the germina- 
tion of various kinds of seeds, the rooting of cuttings or plants usually 
propagated by grafting or considered difficult to root, and additional 
work on the length of storage time that cuttings of different taxa may 
be held under different conditions. In co-operation with the work of 
Mrs. Claude Weber on Chaenomeles, Mr. Fordham determined that a 
stratification of two months at 41°F. was the best method for producing 
a uniform stand of seedlings most quickly. Seeds of the fringe tree 
(Chionanthus retusus) responded most satisfactorily to three months 
of warm stratification, followed by three months of cold stratification 
at 41°F. A similar treatment applied to seeds of Hamamelis mollis 
proved equally successful to the five month warm period usually recom- 
mended. 

Special attention has been given to several members of the Hamameli- 
daceae. Experimental work with the rooting of cuttings of Parrotia 
showed that grafting these plants as most nurseries do traditionally is 
not necessary. Cuttings taken from a 79-year-old specimen of Parrotia 
persica in the Arboretum collection on June 23, treated with Hormodin 
No. 2 or No. 3, and maintained with bottom heat of 73°F. under plastic 
had rooted 100% by September 10. A control lot without hormone 
rooted only 14%. Rooting at this time was heavy and the plants could 
have been removed and potted earlier. The potted plants produced addi- 
tional growth before going dormant, and all survived the winter, an 
unusual condition for Parrotia which has a reputation for poor survival 
of rooted cuttings. 

The house at 383 South Street formerly occupied by Professor Johnston 
was renovated, including modernization of the plumbing, painting of the 
exterior, and roofing, as a portion of our program of building maintenance. 
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Case Estates: 


During the year an increase in the number of visitors to the Case 
Estates in Weston has become evident. The annual “open house” held in 
early May was well publicized to the “Friends of the Arboretum” and 
in the papers of adjacent communities. The attendance was gratifying 
to the staff members on duty there to answer questions. Many of the 
visitors have made repeated visits for subsequent study. The ground 
cover plots and the perennial garden vie for principal interest. The 
Case Estates remain primarily a nursery area for the Arboretum, how- 
ever. To increase the beauty of the grounds, surplus plants have been 
placed where they will be seen better by the visitors or those driving by. 
The spectacular flowering of Malus ‘Henrietta Crosby’ this year created 
traffic tie-ups on Wellesley Street as drivers slowed to admire this hand- 
some row of ornamental apples. We anticipate that the developing plant- 
ings near the High School and along Ash Street will soon draw comparable 
interest. 

This spring saw the first flowering of the test plots of Narcissus taxa 
planted by Dr. Helen Scorgie and other members of the New England 
section of the American Daffodil Society. Approximately a hundred 
varieties were in flower during the ‘“‘open house,” and Dr. Scorgie was 
kind enough to answer the many questions posed by the admirers of 
these plants. 


An exhibit of Christmas decorations and the plant materials used in making 


them. Staged at Horticultural Hall, Boston, Massachusetts, November 28- 
December 2, 1960. 
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It was from the nursery areas that plants were sent to the “co-operating 
nurserymen” during the year. Young plants of Buxus sempervirens 
‘Vardar Valley,’ Cornus pumila, Euonymus europaeus ‘Red Cascade,’ 
Rhododendron ‘Mandarin Red,’ Sorbus cashmiriana, and Viburnum pli- 
catum ‘Lanarth’ were made available to 90 nurseries and arboreta which 
requested plants from a circulated list. Other surplus plants were again 
made available to the Department of Buildings and Grounds of Harvard 
University for plantings around university buildings in Cambridge. A 
large general collection was also given to Union College, Schenectady, 
New York, to increase the small arboretum maintained on that campus. 

It has been pointed out previously that the Case Estates in Weston 
experience more severe cold than does the Arboretum proper in Jamaica 
Plain. During the past winter, specimens of Deutzia showed comparable 
die-back in each area due to the cold, but many clones of Rhododendron 
fortunei suffered more in Weston than did comparable plants in Jamaica 
Plain. 

The wildlife of the area is again on the increase and the destructive 
effects of rabbits and woodchucks were evident after the winter snow 
disappeared. Deer have been seen on the property on two occasions; 
pheasants are numerous; and a covey of quail appeared again for the 
first time in several years. 

Land was again made available to staff members of the Bussey Institu- 
tion and the Cabot Foundation of Harvard for growing experimental 
plants in Weston. 


Education: 


Only one formal course was offered during the spring semester when 
Dr. Howard taught a class in horticultural taxonomy in Harvard College. 
Dr. Thomas offered special work in cytotaxonomy to a group of graduate 
students working both in Cambridge and with the living collections in 
Jamaica Plain. The staff participated in the regular series of weekly 
seminars on taxonomic subjects. 

Four classes were offered to the general public at Jamaica Plain or 
Weston in the fall, two field classes in the svring, and a class in propaga- 
tion which met at appropriate intervals during the year. During the 
spring semester a lecture series was offered evenings in the Administra- 
tion Building and was well attended. These lectures, designed to be 
semitechnical in nature, were presented by various staff members and 
research fellows. 

The usual service of guided tours of the Arboretum plantings both 
in Jamaica Plain and Weston was accepted by many garden clubs, 
women’s clubs, and civic groups during the fall and spring seasons. The 
spring tour offered jointly by the Massachusetts Horticultural Society 
and the Arboretum drew a large crowd which was accommodated in eight 
busses. A staff member in each bus led the groups through some of the 
more floriferous areas of the Arboretum while explaining the plants and 
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answering questions. These trips seem to be particularly worth while, 
for a large percentage of the people return for more leisurely walks 
alone or with smaller groups. 

Arboretum staff, members spoke to many garden clubs, horticultural 
groups, and similar organizations during the year. In addition, a set of 
kodachrome slides of the plants and activities at the Arboretum with a 
printed commentary was made available to other groups for their own 
programming. Dr. Wyman was the principal speaker at the thirtieth 
anniversary luncheon of the Holden Arboretum in Cleveland, Ohio. Dr. 
Wagenknecht described registration procedures at the organizational meet- 
ing of the American Boxwood Society in Boyce, Virginia, and at the 
annual meeting of the New England section of the American Society of 
Horticultural Science. Mr. Fordham presented a paper on double-dormant 
seeds at the Plant Propagators’ annual meeting at Cleveland. Dr. Wood 
presented a series of lectures in a program in plant evolution in the De- 
partment of Biology at Vanderbilt University, Nashville, Tennessee. Drs. 
Perry and Hu presented papers at the annual meeting of the Society for 
Economic Botany held in Boston. Dr. Howard spoke on the campuses 
of Union College, in Schenectady, New York, and Mount Mercy College, 
in Pittsburgh, Pennsylvania, under the sponsorship of the American Insti- 
tute of Biological Sciences. He also opened the lecture series at Longwood 
Gardens, was a speaker at the annual meeting of the New England 
Nurseryman’s Association, and presented the commencement address at 
the graduation exercises at the State College, Bridgewater, Massachusetts. 


Exhibits and Displays: 

Five flower-show exhibits were prepared by the Arboretum staff during 
the winter and spring. A display of Christmas decorations and the plants 
comprising them, formerly held in the Administration Building in Jamaica 
Plain, was staged at Horticultural Hall, Boston, in co-operation with the 
Massachusetts Horticultural Society. When held previously at Jamaica 
Plain the show had had only a moderate attendance due to our more 
isolated location and the inadequate local transportation. Horticultural 
Hall proved to be an excellent location, however, and the exhibit was 
well attended. Members of several garden clubs under the leadership 
of Mrs. Donald Wyman prepared swags, wreaths, decorations, and 
arrangements, while the Arboretum staff prepared specimens and descrip- 
tive data of the plant materials involved. 

The Arboretum exhibit at the Massachusetts Horticultural Society’s 
Spring Flower Show showed numerous cultivated plants in their area of 
origin. A Mercator projection map of the world, 40 feet by 10 feet 
allowed small plants to be placed in that section of the world where each 
plant was native. One hundred and seventy-eight plants could be ac- 
commodated in this educational exhibit. It was awarded a first prize and 
a cold medal. 

The Arboretum’s tree pruning exhibit was set up at the International 
Flower Show of the New York Horticultural Society held in the Colli- 
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THE “ARNOLD ARBORETUM 
| PRESENTS’ 

| “SOME CULTIVATED PLANTS 
IN THEIR PLACES OF 'ORIGN 


ay 


Apove: The Arnold Arboretum exhibit at the Spring Flower show of the Massa- 
chusetts Horticultural Society, Boston, Massachusetts, March 11-19, 1961. 


BeLow: The Arnold Arboretum exhibit at the International Flower Show, 
New York City, March 4-12, 1961. 
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seum, Mr. Robert Williams, superintendent of buildings and grounds, 
receives full credit for this informative exhibit which won a first prize, 
a gold medal, and the T. A. Weston trophy for the most educational 
exhibit in the show. 

The Arnold Arboretum bonsai collection was displayed in Detroit, 
Michigan, for the flower show of the Michigan Horticultural Society. 
The dwarf plants displayed in an oriental setting won a gold rosette, the 
highest award of the show. 

Finally, in late spring, the New World portion of the exhibit used for 
the Massachusetts Horticultural Society show was reconstituted using 
later flowering materials and was exhibited by request at the flower show 
sponsored by the Federated Garden Clubs of* Massachusetts at the 
Jordan Marsh Company, Boston. 


Comparative Morphology: 


Professor I. W. Bailey served again this year as curator of the wood 
collection. His continuing care and interest are greatly appreciated. Dur- 
ing the year a sizeable number of wood samples were made available to 
the Quartermaster Research and Engineering Command, U.S. Army, for 
a specific chemical analysis of cellulase inhibitors, a program of research 
conducted at their headquarters in Natick, Massachusetts. In addition, 
requests for wood samples of various genera and families were received 
from fourteen individuals and institutions and all were filled as completely 
as possible. 

The research program of Professor Bailey, supported in part by a grant 
from the National Science Foundation, continues to concern the putatively 
primitive leaf-bearing genera of the Cactaceae. Papers summarizing his 
research will continue to appear in the Journal of the Arnold Arboretum. 

Dr. Uttam Prakash, of the Birbal Sahni Institute of Palaeobotany, 
Lucknow, India, has been a visiting scholar for a second year and has 
continued to use the wood and slide collections of the Arboretum in 
connection with his investigations of fossil floras of the state of Wash- 
ington. 


Library: 


The attention of the librarians was devoted in considerable extent to 
a reorganization of the horticultural section of the library located in 
Jamaica Plain. The books formerly shelved on the second floor of the 
herbarium were moved to the third floor and rearranged on the shelves 
in the main reading room and in the alcoves, thereby freeing the second 
floor space for an increase in the herbarium of cultivated plants. 

Three hundred and twenty-three volumes were added to the library, in- 
creasing the total to 51,106 on June 30, 1961. Nine hundred and seventy- 
two pamphlets were added to the monographic collection, making a total 
of 18,302. A total of 2,182 catalogue cards was added to the main file. 
Two hundred and seven books were bound or rebound, and fifty old 


1961] THE DIRECTOR’S REPORT 461 


books given special restoration service. Miscellaneous indices also received 
their regular accessions. Three thousand cards were added to the Gray 
Herbarium Card Index of American Plants, 4,000 cards to the Torrey 
Index of American Botanical Literature, and approximately 700 cards 
to the Rehder index of cultivated plants. Sets 12-14 of the Index Nomi- 
num Genericorum were also filed. 


Japanese bonsai of the Lars Anderson Collection of the Arnold Arboretum 
on exhibition at the Flower Show of the Michigan Horticultural Society, 
Detroit, Michigan, February 25—March 5, 1961. 


Although “Xerox” reproduction service became available through the 
Widener Library and was recommended whenever possible, 120 books 
nevertheless were sent out on Interlibrary loan. Twenty-five books were 
borrowed from other libraries. 


Herbarium: 


During the year 12,208 specimens were mounted and added to the 
herbarium, bringing the total collection to 726,344 specimens on June 30, 
1961. During the same period 17,232 specimens were received through 
exchange, gift, subsidy, or for identification. This year the largest number 
represented a subsidized collection made by Dr. Hugh M. Raup in the 
Mackenzie Basin of Canada in 1938. A sizeable collection of native and 
cultivated plants of Japan was purchased from Mr. Miyoshi Furuse. A 
total of 3,345 specimens was distributed to other institutions in exchange. 

The staff filled 113 requests for herbarium specimens on loan, repre- 
senting 14,614 specimens sent to 65 institutions, forty-three of these in 
the United States. The staff requested 65 loans totaling 3,399 specimens 
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for study from 38 institutions, including twelve in the United States. 
The incoming loans averaged 52 specimens, while the outgoing loans 
averaged 129 specimens. 

The additions to the herbarium of cultivated plants housed in Jamaica 
Plain have now reached the point where many of the cases are crowded. 
Fortunately, space for expansion is available, and new steel herbarium 
cases have been ordered. A general shift of this herbarium is being 
planned. Much of the material added to the cultivated herbarium repre- 
sents cultivated herbaceous plants or exotic greenhouse plants. We appre- 
ciate very much a large exchange of specimens from the comprehensive 
collections of the Longwood Gardens, nearly all of which represent new 
genera or species for our herbarium. This material will assist materially 
in the routine identifications of many of the specimens sent to us for 
naming. 

The publications of the taxonomists cited in the bibliography of the 
staff clearly indicate the diversity of area and plant groups represented 
in their research. 


Travel and exploration: 


The Arboretum was represented at various annual science meetings in 
several parts of the country by staff members. These meetings included 
those of the American Association of Botanical Gardens and Arboretums, 
the American Institute of Biological Sciences, the American Horticultural 
Council and American Horticultural Society, the Plant Propagators So- 
ciety, the Society for Economic Botany, the National Shade Tree Con- 
ference and the American Society of Horticultural Science. 

Field work was undertaken by Dr. Howard, in Montserrat, St. Croix, 
and Redonda; by Dr. Wood, in central Florida with Dr. George R. 
Cooley; by Dr. Wagenknecht, in Virginia and North Carolina; and by 
Dr. Thomas, in Florida and Alabama. In all cases, herbarium specimens 
and living plant materials were brought back for addition to the Ar- 
boretum collections. 

Dr. Kobuski spent two months in Europe visiting herbaria in Scotland, 
England, Switzerland, and Sweden in connection with his principal re- 
search interest in the Theaceae and was engaged especially in the examina- 
tion of types and other herbarium materials of the Old World species of 
Ternstroemia which he is revising. 

The Arboretum has also contributed to the support of several collectors 
working in Japan; to an expedition of Mr. James Keenan, of the Royal 
Botanic Garden, Edinburgh, to Burma; and to the work of Mr. Theodore 
Dudley, in Turkey. These areas may yield plants of horticultural value 
to the Arboretum and specimens for the herbarium. 


Gifts and grants: 


The annual appeal to the Friends of the Arnold Arboretum received 
its usual generous response. To all of these contributors we extend the 
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appreciation of the staff for the support which makes possible extra 
services to the area of horticulture. A special gift from Dr. George R. 
Cooley supports the work of Dr. Wood and his collaborators on the 
generic flora of the southeastern states. 

During the year we have received an unusually large number of books, 
pamphlets, and research materials for the library from the estate of Dr. 
Franklin P. Metcalfe, and from Mrs. Susan D. McKelvey, Mr. P. Bernat, 
Dr. H. Field, and Dr. A. F. Hill. These contributions materially increase 
the value of our library and pamphlet collections. 

Plant materials have been received in exchange from many sources, 
but the gift of living plants for the education classes received from Mr. 
Robert Pirie, of Hamilton, Massachusetts, is particularly appreciated. I 
also wish to acknowledge the assistance of the many individuals who 
have supplied propagating material, photographs and information in re- 
sponse to specific requests for research projects of the staff. The largest 
number of requests concerned the monograph of Chaenomeles being pre- 
pared by Mrs. Claude Weber. 


Publications: 


The regular publications of the Arnold Arboretum include the quarterly 
Journal of the Arnold Arboretum and Arnoldia, which is issued at 
irregular intervals. Both appeared as planned. A double number of 
Arnoldia issued during December, 1960, comprised a revision by Dr. 
Wyman of his earlier publication, ““How to Establish an Arboretum or 
Botanical Garden.” The first edition of this article is out of print, and 
the demand for reprints of the revised edition exceeded all expectations. 

Five numbers of Arnoldia dealt with the registration lists of cultivar 
names and the problems of preparing such lists. The council of the 
American Association of Botanical Gardens and Arboretums requested 
175 extra copies of each list for distribution to its membership, and many 
additional requests for reprints from nurserymen indicate the interest 
in these bibliographic listings. To the present, registration lists for cultivar 
names in Cornus, Gleditsia, Forsythia, Liquidambar, and Pieris have been 
published. 

The librarian was also responsible for the photoprint reproduction and 
the distribution of Shaw’s Pines of Mexico. Published originally by the 
Arboretum in a limited edition, this work has long been out of print. To 
date, the sales of the photoprint reproduction have exceeded the distribu- 
tion of the original printing. 

This report would not be complete without acknowledging the efforts 
of Miss Ethel Upham, of East Woodstock, Connecticut, who for many 
years has painstakingly prepared the index for the Journal of the Arnold 
Arboretum. Miss Upham has now relinquished this arduous but invaluable 
task which passes from her capable hands to others. 
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Bibliography of the Published Writings of the Staff and Students 
July 1, 1960 — June 30, 1961 


BatLey, Irvinc W.: Comparative anatomy of the leaf-bearing Cactaceae, I. 
Foliar vasculature of Pereskia, Pereskiopsis and Quiabentia. Jour. Arnold 
Arb. 41: 341-356. pl. 1-7. 1960. 

Comparative anatomy of the leaf-bearing Cactaceae, II. Structure 
and distribution of sclerenchyma in the phloem of Pereskia, Pereskiopsis 
and Quiabentia. Jour. Arnold Arb. 42: 144-156. pl. 1-6. 1961. 

Brizicky, GEorcE K. The genera of Turneraceae and Passifloraceae in the 
southeastern United States. Jour. Arnold Arb. 42: 204-218. 1961. 

ForpHaM, ALFRED J. Germination of Albizzia julibrissin rosea seeds. Rhode 
Island Nurseryman’s Newsletter 5: 6. 1961. 

Germination of double-dormant seeds. Plant Propagator 7(1): 4, 6. 

1961. 

Metasequoia glyptostroboides (dawn redwood) and its propagation. 

Plant Propagator 6(4): 7, 8. 1960. 

. Propagation of Liquidambar styraciflua. Arnoldia 21: 66. 1961. 

. Propagation of Parrotia persica from cuttings. Plant Propagator 6(4): 

8,9. 1960. 

. Propagation of woody plants by seed. Arnoldia 20: 33-40. pl. 9. 1960. 

GREEN, Peter S. Further notes on Malaysian Osmanthus. Notes Bot. Gard. 
Edinb. 23; 175-178. 1960. 

. Studies in the genus Jasminum, I. Section Alternifolia. Notes Bot. 
Gard. Edinb. 23: 355-384. 1961. 

Howarp, Ricuarp A. Bibliographic data on the Hillcrest Gardens Books, 
1911-1941. Jour. Arnold Arb. 41; 318, 319. 1960. 

The botanical results of the U. S. Commission of Inquiry to Santo 

Domingo in 1871. Jour. Arnold Arb. 42: 115-143. 1961. 

. Coccoloba P. Br. ex L. In: Woodson, R. E., e¢ al. Flora of Panama. 

Ann. Missouri Bot. Gard. 47: 340-353. 1961. 

. Concerning the registration of cultivar names. Arnoldia 21: 1-8. 1961. 

. The Director’s report. The Arnold Arboretum during the fiscal year 

ended June 30, 1960. Jour. Arnold Arb. 41: 429-445. 1960. 

The Hillcrest Gardens, Weston, Massachusetts. Arnoldia 20: 53-67. 

pl. 13, 14. 1960. 

How to read the label. Newsletter (Garden Club. Fed. Mass.) 12: 

22-24. 1961. 

Ivan Murray Johnston, 1898-1960. Jour. Arnold Arb. 42: 1-9. 

port. 1961. 

et al. Ivan Murray Johnston. Harvard Univ. Gaz. 56: 216, 217. 1961. 

. Malvales. In: Gray, P., ed. Encyclopedia of Biological Sciences, pp. 

583, 584. 1961. 

. Registration lists of cultivar names in Cornus L. Arnoldia 21: 9-18. 

1961. 


Studies in the genus Coccoloba, IX. A critique on the South 
American species. ‘Jour. Arnold Arb. 41: 231-258, 357-390. 1960. 
Studies in the genus Coccoloba, X. New species and a summary of 
distribution in South America. Jour. Arnold Arb. 42: 87-95. 1961. 

. Studies in the genus Coccoloba, XI. Notes on the species in Asia. 
Jour. Arnold Arb. 42: 107-109. 1961. 
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Thrinax rex —a regal palm of Jamaica. Principes 4: 133-137. 1960. 

. Why Montserrat? Zn: Brown, John, ed. Leewards, pp. 12-16. Advocate 
Co., Barbados. 1961. 

Hu, Suru-yvinc. The economic botany of the Paulownias. Econ. Bot. 15: 
7 Jao Olle 

JAYAWEERA, D. M. A. Palms in the Royal Botanic Gardens, Peradeniya, Ceylon. 
Principes 5: 53-59. 1961. 

+JoHNnston, IvAN M. Notes on some Texan Borages. (Studies in the Bo- 
raginaceae 31.) Wrightia 2: 158-162. 1961. 
Kopuski, CLARENCE E. Studies in the Theaceae, XXX. The African species 
of Ternstroemia. Jour. Arnold Arb. 42: 81-86. 1961. 
Studies in the Theaceae, XXXI. A new species of Adinandra from 
the Celebes. Jour. Arnold Arb. 42: 112, 113. 1961. 

NEVLING, Lorin I., JR. Aizoaceae. J: Woodson, R. E., et al. Flora of Panama. 
Ann. Missouri Bot. Gard. 48: 80-85. 1961. 

. Balanophoraceae. Jw: Woodson, R. E., e¢ al. Flora of Panama. Ann. 

Missouri Bot. Gard. 47: 303-308. 1960. 

Chloranthaceae. Jz: Woodson, R. E., et al. Flora of Panama. Ann. 

Missouri Bot. Gard. 47: 81-83. 1960. 

Corylaceae. Ju: Woodson, R. E., et al. Flora of Panama. Ann. 

Missouri Bot. Gard. 47: 93, 94. 1960. 

Lacistemaceae. Jn: Woodson, R. E., et al. Flora of Panama. Ann. 

Missouri Bot. Gard. 47: 84-87. 1960. 

Myricaceae. Jn: Woodson, R. E., et al. Flora of Panama. Ann. 

Missouri Bot. Gard. 47: 88, 89. 1960. 

. Nomenclatural changes in Daphnopsis (Thymelaeaceae). Jour. Arnold 

Arb. 41: 412, 413. 1960. 

Olacaceae. Jm: Woodson, R. E., e¢ al. Flora of Panama. Ann. 

Missouri Bot. Gard. 47: 293-302. 1960. 

Opiliaceae. Jn: Woodson, R. E., e¢ al. Flora of Panama. Ann. 

Missouri Bot. Gard. 47: 291, 292. 1960. 

Portulacaceae. Jn: Woodson, R. E., et al. Flora of Panama. Ann. 

Missouri Bot. Gard. 48: 85-89. 1961. 

Proteaceae. Ju: Woodson, R. E., e¢ al. Flora of Panama. Ann. 

Missouri Bot. Gard. 47: 199-203. 1960. 

Ulmaceae. Jn: Woodson, R. E., et al. Flora of Panama. Ann. 
Missouri Bot. Gard. 47: 105-113. 1960. 

Sax, Kart. Radiation sensitivity of Tradescantia chromosomes to a second 
exposure of X-rays. Radiation Research 14: 667-673. 1961. 

SCHWARTEN, LazeLia. Bibliography. Jn: Howard, Richard A., Ivan Murray 
Johnston, 1898-1960. Jour. Arnold Arb. 42: 4-9. 1961. 

Index to American botanical literature. Bull. Torrey Bot. Club 87: 

290-301, 361-374, 430-440. 1960; 88: 66-76. 1961. 

(with Harotp W. Ricxettr). Abbreviations of titles of serials cited 
by botanists. Supplement 1. Bull. Torrey Bot. Club 88: 1-10. 1961. 
Tuomas, JoaB L. The cytology of some cultivated species of Viburnum. Jour. 

Arnold Arb. 42: 157-164. 1961. 
. Forsythia ‘Karl Sax’. Arnoldia 20: 49, 50. pl. 12. 1960. 
. The genera of the Cyrillaceae and Clethraceae of the southeastern 
United States. Jour. Arnold Arb. 42: 96-106. 1961. 
. Liqguidambar. Arnoldia 21: 59-65. pl. 7, 8. 1961. 
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. Schizocardia belizensis: A species of Purdiaea (Cyrillaceae) from 
Central America. Jour. Arnold Arb. 42: 110, 111. 1961. 

WAGCENKNECHT, BurpetTE L. Registration lists of cultivar names in Gleditsia 
L. Arnoldia 21: 31-34. 1961. 

Registration lists of cultivar names in the genus Pieris D. Don. 

Arnoldia 21: 47-50. 1961. ; 

. The tree legumes in the Arnold Arboretum. Arnoldia 21: 19-30. 
pl. 1-3. 1961. 

——. What is “The Yellow Rose of Texas?” Am. Rose Annual 46: 75-78. 
1961. 

Weser, CLAUDE (with SHirLEY C. TucKER). Flowers and botanical subjects 
on stamps, including fruits, trees, vegetables, seeds, ferns, etc., all forms 
of plant life on stamps. Topical Handb. 30: 1-162. dlus. Milwaukee, 1960. 

. Eduard Riibel, 1876-1960. Pl. Sci. Bull. 7(1): 6. 1961. 

Witson, KENNETH A. The genera of Convolvulaceae in the southeastern 
United States. Jour. Arnold Arb. 41: 298-317. 1960. 

The genera of Myrtaceae in the southeastern United States. Jour. 
Arnold Arb. 41: 270-278. 1960. 

Woop, CarroLt E., Jr. The genera of Ericaceae in the southeastern United 
States. Jour. Arnold Arb. 42: 10-80. 1961. 

. A study of hybridization in Downingia (Campanulaceae). Jour. Arnold 
Arb. 42; 219-262. 1961. 

Wyman, Donatp. The best ornamental spireas. Arnoldia 21: 51-58. pl. 5, 6. 
1961. 

Bush forms of Potentilla. Am. Nurseryman 113(5): 16, 17; 93-96. 

1961. 

. Cotoneasters. Am. Nurseryman 112(5): 12, 13, 50-56. 1960. 

—. The Cotoneasters. Bull. Hort. Soc. New York 11(2): 6-8. 1961. 

——. Forsythias. Am. Hort. Mag. 40: 190-197. 1961. 

—. The Forsythia story. Arnoldia 21: 35-38. 1961. 

Graceful birches popular. Am. Nurseryman 113(3): 20, 21, 65-72. 

1961. 

. Hardy honeysuckles. Am. Nurseryman 112(3): 16, 17, 93-100. 1960. 

—. Hemlock species. Am. Nurseryman 112(11): 12, 13, 48, 49. 1960. 

How to establish an arboretum or botanical garden. Arnoldia 20: 

69-83. 1961. 

. Hurricane “Donna”. Arnoldia 20: 47, 48. 1960. 

———. Ilex crenata and its varieties. Arnoldia 20: 41-46. pl. 10, 11. 1960. 

—. Interest in hollies. Am. Nurseryman 112(9): 12, 13; 116-124. 1960. 

. Japanese hollies can give a boxwood effect. Horticulture 39: 141, 142. 

1961. 

Lindens important as shade trees. Am.-Nurseryman 112(1): 22, 23, 

76-82. 1961. 

. Low junipers. Flower Grower 48: 38-41. 1961. 

. Majestic beech requires space. Am. Nurseryman 113(1): 16, 17, 112, 

1S. TY 

. Many forms of four arborvitae species. Am. Nurseryman 113(7): 10, 

11, 67-79. 1961. 

. Named varieties of flowering quince. Am. Nurseryman 113(9): 11, 12, 

89-99. 1961. 

Ornamental fruits, 1960. Arnoldia 20: 52. 1960. 
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. Popular hedges in list of barberries. Am. Nurseryman 112(7): 10, 11, 


107-110. 1960. 
. Registration lists of cultivar names of forsythias. Arnoldia 21: 39-42. 


1961. 
. Showy wisteria still a problem vine. Am. Nurseryman 113(11): 10,11, 


68-72. 1961. 
. Winter injury not severe. Arnoldia 21: 43-46. pl. 4. 1961. 


Ricuarp A. Howarp, Director 
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Abies nobilis, 420 Azalea, 30 


Acer beckianum, 169-170 

— olearyi, 170-171 

— puratanum, 166-169 

Acerinum, 167 

Aceroxylon, 167 

Acmopyle and Podocarpus dacrydioides, 
Aberration in. Coniferous Pollen Types 
of the Southern Hemisphere, I, 416 

Acmopyle pancheri, 417 

Adinandra from the Celebes, A New 
Species of. Studies in the Theaceae, 
XXXI, 112 

Adinandra eymae, 112-113 

— montana, 270 

— scandens, 270 

— urdanatensis, 268 

Adinandrella congolensis, 82 

Aeschynomene, Fibers in the Secondary 
Xylem of, 442 

Aeschynomene cf. aspera, 442 

— hispida, 442 

— sensitiva, 443 

Aesculus hankinsii, 349 

Agarista, 39 

Agave intermixta, 133 

Albizzia vantagiensis, 178-180 

Albizzioxylon, 180 

Allotropa, 65 

Ammyrsine, 27 

Ampelothamnus, 52 

Amphania, 81 

Anastraphia oligantha, 137 

— paucifloscula, 137 

ANDRESEN, JOHN W. and Joun H. BeEa- 
man. A New Species of Pinus from 
Mexico, 437 

Andromeda, 25 

— sect. Maria, 48 

Aneuploid series, Downingia, 257 

—— Viburnum, 162 

Anthurium, 141 

Apin, 273 

Arana, 266 

Arbutus, 61 

Arcterica, 52 

Arctostaphylos, 61 

Arsenococcus, 48 

Artocarpus, 179 

Astereae, Leaf and Nodal Anatomy of 
Some Andean Compositae-, 276 

Aylacophora deserticola, 282 


Azaleastrum, 30 


Babara, 436 

Battery, I. W. Comparative Anatomy of 
the Leaf-bearing Cactaceae, II. Struc- 
ture and Distribution of Sclerenchyma 
in the Phloem of Pereskia, Pereskiopsis 
and Quiabentia, 144; III. Form and 
Distribution of Crystals in Pereskia, 
Pereskiopsis and Quiabentia, 334 

Baletis, 267 

Barangoi, 266 

BarGHoorn, Extso S. and U. PRrakasH. 
Miocene Fossil Woods from the Co- 
lumbia Basalts of Central Washington, 
165; II, 347 

Batodendron, 69 

Batohan-no-mahingtig, 271 

BEAMAN, JOHN H. and Joun W. ANDRE- 
sEN. A. New Species of Pinus from 
Mexico, 437 

Befaria, 18-20 

— sect. Racemosae, 19 

Bejaria, 19 

Betula, 167 

Bibliography, Ivan Murray Johnston, 4 

Bigag, 271 

Bikag, 271 

Biltia, 30 

Black apple, 436 

Blueberry, 69 

Boalau, 271 

Botanical Results of the U. S. Commis- 
sion of Inquiry to Santo Domingo in 
1871, The, 115 

Botryostege, 22 

Brizicky, GrorceE K. The Genera of 
Turneraceae and Passifloraceae in the 
Southeastern United States, 204 

Brizicky, GrorcE K. The Genera of 
Violaceae in the Southeastern United 
States, 321 

Brizicky, GeorcE K. A Synopsis of the 
Genus Columellia (Columelliaceae), 363 

BruMMEL, H., 115 

Buckwheat tree, 101 

Buxella, 77 


Cactaceae, Comparative Anatomy of the 
Leaf-bearing, II. Structure and Distri- 
bution of Sclerenchyma in the Phloem 
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of Pereskia, Pereskiopsis and Quiaben- Coccoloba conduplicata, 95 


tia, 144; III. Form and Distribution — confusa, 94 

of Crystals in Pereskia, Pereskiopsis — cordata, 94 

and Quiabentia, 334 — coronata, 95 
Campanulaceae, 219 . —crispata, 108 
Cannabis, 377 —cruegeri, 94 _ 
Cardiospermum, 297 — cujabensis, 94 
Carya, 351 — cymosa, 108 
—tertiara, 176-178 — declinata, 94 
Cassandra, 54-56 — densifrons, 94 
Caytonanthus arberi, 420 — dubia, 108 
Celtis, 187 — duckei, 89 
Celtoxylon, 187 — dugandiana, 95 
Cercidiphyllum, 176 — excelsa, 95 ~ 
Cestrum diurnum, 138 — fagifolia, 95 
Chamaedaphne, 54 — fallax, 95 
Chaptalia membranacea, 137 — fastigiata, 95 
— primulacea, 137 — filipes, 95 
Chiliophyllum densifolium, 282 — gardneri, 95 
— fuegianum, 282 — glaziovii, 94 
Chiliotrichiopsis keidelii, 282 — grandiflora, 94 
— ledifolia, 282 — gymnorrhachis, 95 
Chiliotrichium diffusum, 282 — ilheensis, 94 
— rosamarinifolium, 282 — indica, 108 
Chimaphila, 61-62 — laevis, 94 
Chiogenes, 42 — lanceolata, 94 
Cladothamnus, 22 — latifolia, 94 
Clethra, 20, 103-106 — laurifolia, 95 
— sect. Clethra, 104 — lehmannii, 95 
— sect. Cuellaria, 104 — lepidota, 94 
— sect. Euclethra, 104 — llewelynii, 89-90 
—ser. Alnifoliae, 104 — longipes, 94 
Clethraceae of the Southeastern United — lucidula, 95 

States, The Genera of the Cyrillaceae — marginata, 94 

and, 96 — meissneriana, 94 
Cleyera japonica montana, 270 — mollis, 94 
Cliftonia, 101-102 — mosenii, 95 
Coccoloba, Studies in the Genus, X. —nitida, 95 

New Species and A Summary of Dis- — obovata, 95 

tribution in South America, 87; XI. — obtusifolia, 95 

Notes on the Species in Asia, 107 — ochreolata, 94 
Coccoloba achrostichoides, 94 — orinocana, 90 
— acuminata, 94 — ovata, 94 
—adpressa, 107 — padiformis, 95 
— alagoensis, 94 — paraguariensis, 94 
—alnifolia, 94 — parimensis, 94 
—arborescens, 94 — peltata, 95 
—argentinensis, 94 — persicaria, 94 
—asiatica, 107 — peruviana, 94 
— australis, 107 — pipericarpa, 94 
— bolivarana, 89 — plantaginea, 94 
— brasiliensis, 94 — platyclada, 108-109 
— caracasana, 95, 109 — portuguesana, 90-91 
— cerifera, 94 —ramosissima, 94 
— charitostachya, 95 —rigida, 95 
—chita, 107 — rosea, 94 


—colombiana, 88-89 — ruiziana, 95 
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Coccoloba salicifolia, 95 

— savannarum, 95 

— schomburgkii, 94 

— schwackeana, 95 

— sparsifolia, 94 

— spinescens, 94 

— spruceana, 94 

— steinbachii, 91 

— sticticaulis, 94 

— striata, 95 

— swartzii, 95 

— tiliacea, 94 

— totnea, 109 

— trianaei, 95 

— uvifera, 95, 109 

— venosa, 95 

— warmingii, 94 

— wurdackii, 91-92 

— zuliana, 92 

Columbia Basalts of Central Washington, 
Miocene Fossil Woods from the, 165; 
Il, 347 

Columellia (Columelliaceae), A Synopsis 
of the Genus, 363 

Columellia andrei, 369 

— arborescens, 366 

— frutescens, 370 

— lucida, 369 

— mathewsii, 368 

— oblonga, 366-369 

— — oblonga, 366 

— — sericea, 368 

—— serrata, 367 

— obovata, 370-371 

— sericea, 368 

— serrata, 367 

— subsessilis, 369-370 

— weberbaueri, 370 

Columelliaceae, 363 

Commission of Inquiry to Santo Demingo 
in 1871, The Botanical Results of the 
WES. 105 

Comocladia acuminata, 136 

—cuneata, 136 

Comparative Anatomy of the Leaf-bear- 
ing Cactaceae, II. Structure and Distri- 
bution of Sclerenchyma in the Phloem 
of Pereskia, Pereskiopsis and Quiaben- 
tia, 144; III. Form and Distribution 
of Crystals in Pereskia, Pereskiopsis 
and Quiabentia, 334 

Compositae-Astereae, Leaf and Nodal 
Anatomy of Some Andean, 276 

Coniferous Pollen Types of the Southern 
Hemisphere, I. Aberration in Acmopyle 
and Podocarpus dacrydioides, 416 

Coprosma macrocarpa, 420 
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Cordaianthus, 420 

Correct Names for “Diospyros ebenaster,” 
The, 430 

Cranberry, 69 

CRANWELL, Lucy M. Coniferous Pollen 
Types of the Southern Hemisphere, I. 
Aberration in Acmopyle and Podocar- 
pus dacrydioides, 416 

Crossotheca, 416 

Cryptophila, 64 

Crystals in Pereskia, Pereskiopsis and 
Quiabentia, Form and Distribution of. 
Comparative Anatomy of the Leaf- 
bearing Cactaceae, III, 334 

Cultivated Species of Viburnum, 
Cytology of Some, 157 

Cuphea micrantha, 141 

Cyanococcus, 69 

Cyrilla, 98-100 

Cyrillaceae and Clethraceae of the South- 
eastern United States, The Genera of 
the, 96 

Cyrillaceae, 96-98, 110 

Cytology of Some Cultivated Species of 
Viburnum, The, 157 


The 


Dacrydium cupressinum, 418 

Daphnopsis, 299, 374 

— subg. Neivira, 374 

Davidia, 354 

Debaak, 271 

Decachaena, 77 

Deerberry, 69 

Dendrium, 27 

Desmothamnus, 48 

“Diospyros _ ebenaster,”’ 
Names for, 430 

Diospyros brasiliensis, 432 

— digyna, 434 

— ebenaster, 430, 432 

— laurifolia, 434 

— membranacea, 434 

— nigra, 434 

— obtusifolia, 434 

— revoluta, 431, 434 

— sapota, 434 

— sapotanigra, 434 

— tetrasperma, 436 

— washingtoniana, 171-172 

Director’s Report, The. Arnold Arbore- 
tum During the Fiscal Year Ended 
June 30, 1961, 447 

Downingia (Campanulaceae), A Study of 
Hybridization in, 219 

Downingia bicornuta bicornuta, 226 

——  picta, 227 

—— var., 230 


The Correct 
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Downingia concolor brevior, 232 
—w— concolor, 231 

— cuspidata, 233 

— elegans brachypetala, 234 
— insignis, 236 

—— > pulchella, 246 

— laeta, 243 

— ornatissima, 238 

— pulchella, 241 

— pusilla, 245 

— willamettensis, 236 

— yina major, 236 
Drypetes incurva, 141 
Dupinia, 81 


Eaton, D. C., 125 

Ebenoxylon, 172 

Elliottia, 20-23 

Enkleia (Thymelaeaceae), A Revision of 
the Asiatic Genus, 373 

Enkleia, 295, 320, 384-385 

— coriacea, 388 

— malaccensis, 388-391 

— malayana, 388 

— paniculata, 385-388 

— riouwensis, 388 

— siamensis, 391-393 

— — andamanica, 395 

— — siamensis, 393 

— thorelii, 395-396 

— zippeliana, 385 

Epigaea, 58-60 

Erica, 11 

Ericaceae in the Southeastern United 
States, The Genera of, 10 © 

Ericaceae, 10-17 

— subfam. Arbutoideae, 12 

— subfam. Ericoideae, 18 

— subfam. Monotropoideae, 64 

— subfam. Pyroloideae, 12 

— subfam. Rhcdedendroideae, 12 

— subfam. Vaccinioideae, 69 

— tribe Andromedeae, 38 

— tribe Monotropeae, 64 

— tribe Oxydendreae, 58 

—tribe Pyroleae, 61 

— tribe Rhodoreae, 18 

— tribe Vaccinieae, 69 

Ernodea pungens, 138 

Erxlebenia, 63 

Erythrochiton, 81 

Eubotrys, 39 

Euptelea, 183 


Fagopyrum cymosum, 108 
Fagus, 183 
False mangosteen, 433 
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Fibers in the Secondary Xylem of Aes- 
chynomene, 442 

Fischeria, 27 

Floral Morphology and Relationships of 
Kingdonia uniflora, The, 397 

Fossil Woods from the Columbia Basalts 
of Central Washington, Miocene, 165; 
II, 347 

Foster, ADRIANCE S. The Floral Mor- 
phology and Relationships of King- 
donia uniflora, 397 

Fuldaesporites, 420 


Garamansatai, 271 

Gaultheria, 42-45 

— sect. Amblyandra, 42 

— sect. Brossaeopsis, 42 

— sect. Eugaultheria, 42 

— sect. Gaultheria, 42 

— ser. Hispidulae, 43 

—ser. Procumbentes, 42 

Gaylussacia, 77-80 

— sect. Decachaena, 78 

— sect. Decamerium, 78 

—sect. Eulussacia, 77 

— sect. Gaylussacia, 77 

— sect. Vitis-Idaea, 78 

Genera of the Cyrillaceae and Clethraceae 
of the Southeastern United States, The, 
96 

Genera of Ericaceae in the Southeastern 
United States, The, 10 

Genera of Turneraceae and Passifloraceae 
in the Southeastern United States, The, 
204 

Genera of Violaceae in the Southeastern 
United States, The, 321 

Gleditsia columbiana, 180-182 

Gnidia sericea, 310 

Gochnatia oligantha, 137 

Gray, Asa, 123 

Guettarda preneloupii, 141 

Gymnocladus, 181 


Heath Family, 10 

Herpothamnus, 69 

Hindang, 266 

Hoferia, 81 

Homalocladium, 109 

Howarp, Ricuarp A. The Botanical Re- 
sults of the U.S. Commission of Inquiry 
to Santo Domingo in 1871, 115 

Howarp, RicHarp A. The Correct Names 
for “Diospyros ebenaster,” 430 

Howarp, Ricuarp A. The Directcr’s Re- 
port, 447 
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Howarp, Ricuarp A. 
Johnston, 1898-1960, 1 

Howarp, Ricuarp A. Studies in the 
Genus Coccoloba, X. New Species and 
a Summary of Distribution in South 
America, 87; XI. Notes on the Species 
in Asia, 107 

Huckleberry, 77 

Hugeria, 69 

Hybanthus, 323-324 

Hybridization in Downingia (Campanu- 
laceae), A Study of, 219 

Hymenanthes, 30 

Hypopitys, 67 


Ivan Murray 


Illinites, 420 

Indian pipe, 67 

Isodorea pungens, 138 

Isotoma axillaris, 223 

Isotropic bodies, 337 

Ivan Murray Johnston, 1898-1960, 1 


Johnston, Ivan Murray, 1898-1960, 1 
Juglandinium, 351 

Juglandoxylon, 351 

Juglans fryxellii, 350 

Juglexylon, 351 


Kalmia, 23-26 

Kalmiella, 24 

Kalmiopsis, 26 : 

Kingdonia uniflora, The Floral Morphol- 
ogy and Relationships of, 397 

KoBuskI, CLARENCE E. Studies in the 
Theaceae, XXX. The African Species 
of Ternstroemia, 81; XXXI. A New 
Species of Adinandra from the Celebes, 
112; XXXII. A Review of the Genus 
Ternstroemia in the Philippine -Islands, 
263; XXXIII. Variation in the Fruit 
of Ternstroemia kwangtungensis, 426 


Lasiococcus, 77 

Lasiosiphon scandens, 388 

Leaf and Nodal Anatomy of Some Andean 
Compositae—Astereae, 276 

Leatherwood, 98 

Ledum, 23, 30 

— sect. Leiophyllum, 27 

Leguminoxylon, 180 

— occidentale, 352 

Leiophyllum, 26-28 

Lepidophyllum cupressiformis, 282 

Leucothoé, 38-41 

— sect. Acranthes, 40 

— sect. Agastia, 40 

— sect. Eubotryoides, 40 
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Leucothoé sect. Eubotrys, 40 

— sect. Leucothoé, 39 

— sect. Maria, 48 

— sect. Oligarista, 40 

— sect. Paraleucothoé, 40 

Linostoma (Thymelaeaceae), A Revision 
of the Asiatic Genus, 295 

Linostoma, 306-307, 373 


“— sect. Eulinostoma, 306 


— sect. Lophostema, 320 
—sect. Psilaea, 318 

— subg. Linostoma, 320, 384 
— subg. Nectandra, 307 

— albifolium, 320 
—andamanicum, 320, 395 
—calophylloides, 320 

— decandrum, 307-311 

— dinizii, 320 

— incertae sedis, 319 

— leucodipterum, 313 
—longiflorum, 313 

— pauciflorum, 313-318 
— persimile, 311-313 

— scandens, 320, 388 
——cambodianum, 320, 393 
— siamense, 320, 391 

— thorelii, 320, 395 
Liquidambar styraciflua, 175-176 
Liquidambaroxylon, 176 
Llanosia, 81 

— toquian, 271 

Lobelia, 225 

Loiseleuria, 25 
Lophostoma, 295, 320, 373 
—albifolium, 320 

— calophylloides, 320 

— dinizii, 320 

Lyonia, 47-51 

— sect. Lyonia, 50 

— sect. Maria, 48 

— sect. Pieridopsis, 48 

— subg. Maria, 48 


Macgregorianthus paniculatus, 385 

Malapuyau, 271 

Malpighia domingensis, 135 

Menziesia, 28-30 

Micranthemum, 139 

Microcachrys, 418 

Miocene Fossil Woods from the Colum- 
bia Basalts of Central Washington, 
165; II, 347 

Mitchella, 54 

Mokofua, 81 

Moneses, 63 

Monotropa, 66-69 

— sect. Eumonotropa, 67 
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Monotropa sect. Hypopitys, 67 
— sect. Monotropa, 67 
Monotropaceae, 11 
Monotropastrum, 65 
Monotropsis, 64-66 
Muehlenbeckia adpressa, 107 
— australis, 107 

— platyclada, 109 


Nardophyllum armatum, 282 

— bracteolatum, 282 

— bryoides, 282 

— chiliotrichioides, 282 

— genistoides, 282 

—lanatum, 282 

Nectandra decandra, 307 

Neopieris, 48 

NeEviinc, Lorin I., Jr. A Revision of the 
Asiatic Genus Enkleia (Thymelaea- 
ceae), 373 

NEviinc, Lorin I., Jr. A Revision of the 
Asiatic Genus Linostoma (Thymelaea- 
ceae), 295 

New Species of Pinus from Mexico, A, 
437 

Nyssa eydei, 353 

Nyssoxylon, 354 


Oak, red, 173 

Oak, white, 173 
Orphanidesia, 59 
Oxycoccus, 69 
Oxydendrum, 56-60 


Palilag, 273 

Pamintugon, 266 

Pantza, 368 

Parastrephia lepidophylla, 282 

— lucida, 282 

— phyliciformis, 282 

— quadrangularis, 282 

— teretiuscula, 282 

RarnyaaC aC reli5 

Passerina filiformis, 378 

Passiflora, 211-218 

— subg. Apodogyne, 212 

— subg. Dysosmia, 214 

— subg. Granadilla, 214 

— subg. Passiflora, 214 

— subg. Plectostemma, 212 

Passifloraceae in the Southeastern United 
States, The Genera of Turneraceae and, 
204 

Passion-flower, 212 

Peperomia serpens, 140 

Pepperbush, sweet, 104 


Pereskia, Pereskiopsis and Quiabentia, 
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Structure and Distribution of Scleren- 
chyma in the Phloem of. Comparative 
Anatomy of the Leaf-bearing Cacta- 
ceae, II, 144 

Pereskia, Pereskiopsis and Quiabentia, 
Form and Distribution of Crystals in. 
Comparative Anatomy of the Leaf- 
bearing Cactaceae, III, 334 

Pernettya, 44 

Phaleria, 374 

Pherosphaera, 418 

Phloem of Pereskia, Pereskiopsis and 
Quiabentia, Structure and Distribution 
of Sclerenchyma in the. Comparative 
Anatomy of the Leaf-bearing Cacta- 
ceae, II, 144 

Phoradendron cerinocarpum, 140 

Phyllocladus, 418 

Phyllcdoce, 25 

Pieris, 51-54 

— sect. Maria, 48 

Pimelea, 313 

— prostrata, 381 

Pine-sap, 67 

Pine-sap, sweet, 65 

Pinus from Mexico, A New Species of, 
437 

Pinus culminicola, 437-440 

Piper hispaniolae, 140 

— jacquemontanum, 140 

— parryanum, 140 

Piriqueta, 206-208 

Pityopus, 65 

Pityosporites, 416 

Plataninium, 184 

Platanoxylon, 184 

Platanus americana, 182-185 

Podocarpus dacrydioides, Aberration in 
Acmopyle and. Coniferous Pollen 
Types of the Southern Hemisphere, I, 
416 

Pollen Types of the Southern Hemis- 
phere, Coniferous, I. Aberration in 
Acmopyle and Podocarpus dacrydioi- 
des, 416 

Polycodium, 69 

Polygonum chinense, 107 

—— ovalifolium, 108 

— — thunbergiana, 108 

—cymosum, 108 

—molle, 109 

— paniculatum, 109 

Porterella carnulosa, 223, 258 

PrakasH, U. Fibers in the Secondary 
Xylem of Aeschynomene, 442 

PrakasH, U. and Etso S. BarcHoorRN. 
Miccene Fossil Woods from the Co- 
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lumbia Basalts of Central Washington, 
165; II, 347 

Psilaea, 318 

— dalbergioides, 318 

Pterocarya, 351 

Pterospora, 65 

Purdiaea (Cyrillaceae) from Central 
America, Schizocardia belizensis: A 
Species of, 110 

Purdiaea belizensis, 110 

— cubensis, 111 

— nipensis, 111 

— nutans, 111 

Pyrola, 62-64 

Pyrolaceae, 11 


Quercinium, 174 

Quercoxylon, 174 

Quercus leuca, 172-175 

— sahnii, 347 

Quiabentia, Structure and Distribution of 
Sclerenchyma in the Phloem of Peres- 
kia, Pereskiopsis and. Comparative 
Anatomy of the Leaf-bearing Cacta- 
ceae, II, 144 

Quiabentia, Form and Distribution of 
Crystals in Pereskia, Pereskiopsis and. 
‘Comparative Anatomy of the Leaf- 
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